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1.	

AgglomeraAon	is	largely	used	to	
improve	the	powders	properAes	and	
behaviour:	

	-	Reduc(on	in	dust	produc(on.	
	-	Enhancement	in	flowability.	
	-	Increase	in	bulk	density.	
	-	Reduc(on	in	segrega(on.	

Agglomerated	food	
powders	

-	Cocoa	beverage	powders	

-	Instant	soluble	coffee	

-	Culinary	powders	

-	Flavors	powders		

-	Protein	powders	

-	Infant	formulas	

-	Couscous	grains	
-	Dairy	powders	

-	Milk	powders	

-	Bakery	mixes	

-	Starch	

During	the	agglomeraXon	process…	
…the	naAve	small	parAcles	are	
gathered		to	form	larger	assemblies	
with	specific	porous	structures,	called	
the	agglomerates.		

1.1.	WET	AGGLOMERATION	OF	FOOD	POWDERS	
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Couscous	grains	are	made	by	the	succession	of	3	unit	operaAons.	The	polydispersity	of	
the	size	causes	the	high	raXo	of	out	of	scope	(up	to	60%)	of	wet	agglomerates.	

AgglomeraXon	is	a	key	unit	operaAon	in	
the	couscous	producXon.	

WET	AGGLOMERATES	OF	COUSCOUS	

Agglomeration 

Cooking 

Drying 

Hydration 

Water 

Steam 

Water 
Steam 

Water 

Couscous grains 
(dried) 

Durum wheat 
semolina 

Grains of couscous 
 (ready to eat) 

Agglomerats 
(cooked and wet) 

Agglomerats 
(wet) 
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3.	

The	cohesion	forces	
generate	interacAons	
between	parXcles,	and	

promote	granules	growth.	

Wet	agglomeraXon	process	is	classically	described	as	a	combinaXon	of	successive	
mechanisms	at	different	rates	:		

	 	 	-	We#ng	and	nucleaAon.	
	 	 	-	Growth	and	consolidaAon.	
	 	 	-	Breakage,	erosion,	rupture	
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Wet	agglomeraXon	process	is	classically	described	as	a	combinaXon	of	successive	
mechanisms	at	different	rates	:	

	 		 	-	WeKng	and	nuclea(on.	
	 	 	-	Growth	and	consolida(on.	
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RUPTURE +	 RUPTURE +	

The	rupture	forces	and	
shearing	effects,	lead	to	
breakage	and	to	reduce	

the	granule	size.		

The	wet	agglomeraXon	process	is	a	balance	between	growth	and	breakage	

INTRODUCTION	

1.2.	WET	AGGLOMERATION	-	MECHANISMS	



5.	

hMp://www.cjtech.co.kr/Process%20Principles%20Agglomera(on%20Granula(on.htm	

During	the	agglomeraXon	process,	a	
liquid	binder	(water)	is	sprayed	over	an	
agitated	powder	bed.		
	
It	generates	a^racAve	interacAons	and	
links	between	the	naXve	parXcles	and…	
	
… Promotes	the	spaAal	arrangement	of	
the	naAve	parAcles	with	the	binder.	

The	naXve	parXcle	characterisXcs,	like	
the	parAcle	size,	control		

the	agglomeraXon	mechanisms		
and	the	end	properAes	of	the	products.	
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Hydrotextural	approach	is	used	to	
describe	agglomeraAon	mechanisms	
based	on	changes	in	compactness	and	
diameter	of	the	agglomerates	as	a	
funcXon	to	the	water	content.	

	
Hydrotextural	diagram	is	limited	by	the	
saturaAon	curve	unXl	which	
agglomerates	are	completely	filled	by	
water.	

Schema	of	the	hydrotextural	diagram	(Ruiz	et	al.,	2005)	

6.	

Agglomerates	were	analysed	by	measuring	:	
	 	Size 	 	 	=	Median	diameter	
	 	Water	content 	 	=	Mass	of	water	/	Mass	of	dry	product	
	 	Compactness 	 	=	Volume	of	solid	/	Total	Volume	
	 	Satura3on	degree 	=	Volume	of	liquid	/	Volume	of	void	

1.3.	HYDROTEXTURAL	APPROACH	
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7.	

No	study	on	the	impact	of	the	parXcle	size	of	naXve	semolina	during	the	
agglomeraXon	in	the	process	of	the	couscous	grain	has	been	conducted	yet.	

AGGLOMERATION	 ROLLING	 COOKING	 DRYING	

Durum	wheat	semolina	 Wet	agglomerates	 Cooked	agglomerates	 Couscous	grains	
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7.	

à To	describe	the	agglomeraAon	operaAon	of	the	couscous	grains	by	analysing	
experimental	invesXgaXons.	

à To	understand	how	the	parAcle	size	distribuAon	of	semolina	impact	the	
agglomeraAon	operaAon	of	the	couscous	grains.	

AGGLOMERATION	 ROLLING	 COOKING	 DRYING	

Durum	wheat	semolina	 Wet	agglomerates	 Cooked	agglomerates	 Couscous	grains	

INTRODUCTION	

1.4.	OBJECTIVES	

OUR	OBJECTIVES	WERE	:	

THE	IMPACTS	OF	THE	SIZE	DISTRIBUTIONS	OF	THE	NATIVE	WHEAT	POWDERS	
ON	THEIR	STRUCTURATION	BEHAVIOR	DURING	WET	AGGLOMERATION	

No	study	on	the	impact	of	the	parXcle	size	of	naXve	semolina	during	the	
agglomeraXon	in	the	process	of	the	couscous	grain	has	been	conducted	yet.	
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Durum	wheat	semolina	of	industrial	quality	was	used	as	“standard	semolina”.	

8.	

0.250	–	0.315	

>	0.315	mm	

<	0.250	mm	

Low	span	semolina	

Small	semolina	

Very	coarse	semolina	

Coarse	semolina	

Standard	semolina	

4	fracAons	of	semolina	with	different	parXcle	size	distribuXons	were	obtained	by	
sieving	the	standard	semolina.	

2.1.	NATIVE	WHEAT	POWDERS	
MATERIALS	&	METHODS	
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Standard	 Small	 Low	span	 Coarse	 Very	coarse	 Methods	

d50	(µm)	 287	 129	 282	 339	 393	 Laser	granulometry		

ParAcle	size	span	(-)	 1.51	 1.58	 0.92	 1.02	 0.77	 Laser	granulometry		

Water	content	(%)	 17.30	 15.70	 16.00	 13.90	 16.10	 Method	44-15A	AACC	

Protein	content(%)	 12.4	 13.02	 12.66	 12.39	 12.35	 Method	050	(AFNOR	

True	density	ρs*	(g/cm3)	 1.42	 1.46	 1.45	 1.45	 1.45	 Helium	pycnometry	

The	selected	semolina	allow	studying	the	effect	of	parXcle	size	distribuXons:	d50	and	
span,	with	almost	similar	values	of	the	physico-chemical	properAes.	

9.	
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Water  

Mixing Mixing 
Wet 

agglomerates 

Powder 

Horizontal	mixer	
-  Low	shear	condiXons	
-  Two	horizontal	sham	axes	
-  Laboratory	scale	
-  Contant	mixing	rate	(100	rpm-15min)	

10.	

Water	addiAon	and	agglomeraAon	

Single	fluid	nozzle	
-  dg	=	240	µm	à	Change	in	the	raAo	d50/dg	
-  Flow	rate	=	2	g.sec-1	
-  Final	water	content	=	0.45	g/g	dry	mamer	
-  Constant	final	mass	=	1000	g	(semolina	+	water)	

Water 

Rotative 
blades 

Mixer Tank 

Spray nozzle 
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DistribuAon	of	water	content	by	weighing	
a]er	oven	drying	at	105°C	for	24h	
	

DistribuAon	of	compactness	hydrosta(c	
balance	(Precisa	serie	321	LX	120+	density	kit)	

11.	

Size	distribuAon	by	sieving:	d50,	span,	yield	per	sieves	

HydrostaXc	balance	
0.71	mm	

0.85	mm	

0.90	mm	

1.25	mm	

2.00	mm	

To	describe	the	agglomeraXon	mechanisms	and	the	product	characterisXcs,	we	evaluated	
the	size	distribuXon	and	the	agglomerates	characterisXcs	on	each	sieve.	
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Large	dispersion	in	size	was	observed.	Specific	shape	and	hydrotextural	
characterisXcs	allow	disXnguishing	5	types	of	structures	according	to	their	diameter:	
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12.	

RESULTS	&	DISCUSSION	

3.1.	AGGLOMERATION	OF	STANDARD	SEMOLINA	

-	Small	 	 	(0.3	–	0.5	mm)	=	naXve	parXcles	of	semolina	
-	Fragments 	(0.5	–	0.6	mm)	=	mechanical	erosion	of	larger	structures	
-	Nuclei 	 	(0.6	–	1.0	mm)	=	primary	associaXon	of	semolina	parXcles	
-	Agglomerates	 	(1.0	–	2.0	mm)	=	associaXon	of	fragments	and/or	nuclei	
-	Dough	pieces	 									(>2.0	mm)	=	associaXon	of	agglomerates	which	passes	the	

	 	 		 	percolaXon	state	
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AgglomeraXon	growth	of	semolina	
to	produce	couscous	grains	leads	to:	
	
-	Increasing	water	content	
-	Decreasing	compactness	
	
according	to	an	increase	in	the	
median	diameter	of	the	structures.	

13.	

EvoluXon	of	the	size	distribuXon	of	the	
agglomerated	structures	with	compactness	

shows	a	conAnuous	growth	process	
associated	with	the	expansion	of	their	

internal	structure.	
	

Mechanisms	deal	with	(i)	a	classical	
growth		and	(ii)	a	fragmentaAon	of	dough	

pieces.	
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5	types	of	structures	are	presents	in	the	mixer	aner	the	agglomeraXon.	RaXo	of	each	
structure	is	different	with	a	change	in	the	d50	of	the	size	distribuXons	of	semolina.	

The	median	diameter	of	the	naXve	semolina	strongly	impact	the	agglomeraAon	yield		
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d50	
(μm)	

Small	
(%)	

Fragments	
(%)	

Nuclei	
(%)	

Agglomerates	
(%)	

Dough	pieces	
(%)	

Low	span	semolina	 282	 3.7	 1.7	 41.0	 27.6	 17.0	

Coarse	semolina	 339	 13.9	 12.6	 12.2	 27.9	 22.1	

Very	coarse	semolina	 393	 28.0	 18.1	 7.4	 18.8	 20.6	

An	increase	of	the	d50	of	the	semolina	leads	to:	
à  increasing	the	dough	pieces,	the	small	and	the	fragments.	

15.	
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An	increase	of	the	d50	of	the	semolina	leads	to:	
à  increasing	the	dough	pieces,	the	small	and	the	fragments.	
à  decreasing	the	nuclei	and	the	agglomerates.	
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16.	

5	types	of	structures	are	presents	in	the	mixer	aner	the	agglomeraXon.	RaXo	of	each	
structure	is	different	with	a	change	in	the	span	of	the	size	distribuXon	of	semolina.	

The	span	of	the	naXve	semolina	strongly	impact	the	agglomeraAon	yield		
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An	increase	of	the	span	of	the	semolina	leads	to:	
à  increasing	the	small	and	the	fragments.	

17.	

Span	
	

Small	
(%)	

Fragments	
(%)	

Nuclei	
(%)	

Agglomerates	
(%)	

Dough	pieces	
(%)	

Low	span	semolina	 0.92	 3.7	 1.7	 41.0	 27.6	 17.0	

Standard	semolina	 1.51	 22.7	 12.5	 10.9	 27.2	 19.3	
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An	increase	of	the	span	of	the	semolina	leads	to:	
à  increasing	the	small	and	the	fragments.	
à  decreasing	the	nuclei.	
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Same	trends	were	observed	
concerning	the	evoluXon	of	water	
content	and	compactness	
according	to	the	diameter	of	the	
structure…	

…The	median	diameter	and	the	
span	do	not	impact	the	

compactness	and	the	water	
content	of	each	structure	
according	to	their	median	

diameters.		
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The	structures	on	each	sieve	follow	the	saturaXon	curve.		

19.	

We	have	represented	on	the	diagram	the	values	of	water	content	and	compactness	
of	the	different	structures	for	the	standard	semolina.	

DISCUSSION	

4.1.	HYDROTEXTURAL	ANALYSIS	

0.4	

0.6	

0.8	

1	

0.3	 0.4	 0.5	 0.6	

Co
m
pa

ct
ne

ss
	(/
)	

Water	content	(g/g	dry	ma^er)	

PasXc	limit	wp	∼	0.59	

Increasing	diameter	

THE	IMPACTS	OF	THE	SIZE	DISTRIBUTIONS	OF	THE	NATIVE	WHEAT	POWDERS	
ON	THEIR	STRUCTURATION	BEHAVIOR	DURING	WET	AGGLOMERATION	



The	structures	on	each	sieve	follow	the	saturaXon	curve.		

19.	

We	have	represented	on	the	diagram	the	values	of	water	content	and	compactness	
of	the	different	structures	for	the	standard	semolina.	

DISCUSSION	

4.1.	HYDROTEXTURAL	ANALYSIS	

0.4	

0.6	

0.8	

1	

0.3	 0.4	 0.5	 0.6	

Co
m
pa

ct
ne

ss
	(/
)	

Water	content	(g/g	dry	ma^er)	

PasXc	limit	wp	∼	0.59	

Increasing	diameter	

Mean	value	of	
water	content	and	

compactness	

THE	IMPACTS	OF	THE	SIZE	DISTRIBUTIONS	OF	THE	NATIVE	WHEAT	POWDERS	
ON	THEIR	STRUCTURATION	BEHAVIOR	DURING	WET	AGGLOMERATION	



0.5	

0.6	

0.7	

0.8	

0.35	 0.45	 0.55	

Co
m
pa

ct
ne

ss
	(/
)		
	

Water	content	(/)	

NaXve	semolina	
Low	diameter	semolina	
Low	span	semolina	
High	diameter	semolina	
Very	high	diameter	semolina	
SaturaXon	curve	

The	size	distribuXons	of	semolina	do	not	change	the	hydrotextural	properXes	of	the	
structure:	they	are	all	saturated	by	water.	
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We	have	represented	on	the	diagram	the	mean	values	of	water	content	and	
compactness	of	the	structures	for	all	the	different	size	distribuAons	of	semolina.	
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The	growth	of	the	agglomerates	respects	an	associaAon	by	the	same	hydro-textural	
categories.		

21.	

FluctuaAons	of	the	water	content	and	the	compactness	are	correlated	around	their	
respecXve	mean	values	for	all	the	different	size	distribuXons	of	semolina.	
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AgglomeraXon	mechanisms	was	studied	regarding	the	raXo	of	the	median	diameter	
of	the	semolina	parXcles	on	the	median	diameter	of	the	droplets	of	water	(d50/dg):	

d50/dg	≤	1	or	lower	span	à	Mechanism	of	nucleaAon/growth	is	favoured.	
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d50/dg	≥	1	or	higher	span	à	Mechanism	of	paste/fragmentaAon	is	favoured.	
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CONCLUSION	
•  The	size	distribuAons	(d50	and	span)	of	the	semolina	parXcles	has	a	significant	influence	

on	the	yield	of	the	agglomeraXon.	

•  ConXnuous	growth	process	is	associated	with	the	expansion	of	the	internal	structure.	

•  	These	mechanisms	deal	with	:	
(i)  Classical	growth	of	associated	parXcles	to	nuclei,	then	

nuclei	to	agglomerates,	and	percolaXon	to	local	paste	
state	(dough	pieces)	

(ii)  FragmentaAon	of	dough	pieces	into	a	specific	populaXon	
of	small	saturated	clusters,	which	are	able	to	interact	
with	nuclei.		

•  As	a	funcXon	to	the	raAo	of	d50/dg	one	major	mode	is	favoured:	
	 	 	 	d50/dg	≤	1	the	nucleaXon/growing	is	favoured.	
	 	 	 	d50/dg	≥	1	the	paste/fragmentaXon	is	favoured	
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