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g Atomizer

Feed (i.e. fluid nozzle or
solution rotary atomizer)
 £8 Feed flow

Droplet Z. Hot air flow
development 3. Compressor
4. Sprav nozzle

= Spray feed particles

Drying 6. Drying c! T
Chamber 7. Cyclone
Hot air (150-250°C) 8 Powder collector

(Co-current or o, Exhaust tube

current or mixed flow)

Recovery

P \
{ Final 3
\ Product |

Feed characteristics Operation condition
u= . Inlet and Outlet temperature

Feed composition
Types of carrier agent
Carrier concentration
Density

Viscosity

Feed flow rate

Spray dryin
L s Drying air flow rate

factors affect the
product quali

Feed temperature
Atomizer speed

Spray dryver design

- Air flow: Co-current/ Counter—current/ Mixing
- Atomizer type: rotary atomizers, twin-fluid nozzles

Compressed air flow rate
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Table 2. Types of particle collectors.

Collector Collection efficiency

Effective collection
size range (um)

Strengths/weaknesses

Filtration (filter bag) Up t0 90 - 99%

Cyclone Up to 60 - 70%

Electrostatic precipitator ~ Up to 90/ - 99%

0.1-20

2-100

0.05-10

Medium to high equipment cost
Medium to high operating cost
Possible contamination of particles
with fiber during recovery

Medium equipment cost
Medium operating cost
Pure, free-flowing powder

High equipment cost
Small to medium operating cost
Pure, caked powder

Flow directionl

Negatively charged @
particle

s

b

ield

55

[
X

Groundgj star
electrode (cathode)

<>

-~

@ Cylindrical particle
collecting electrode
(anode)

4®
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Characteristics

MNano Spray Dryer B-940

Mini Spray Dryer B-290

Major benelits

PAiminnum sample amount
Maximum sample viscosily
Spray gencration device

Spray gencralion encrgy

MNowxle diameter

Water droplel sive range

Water droplet sire
distribution

Ivied particle sine range

Maximmum drying
lemperabure

Plaximum drying gas Towwe

Drying chamber diameter

Waler evaporation capeacity

Water feed rate (depends
on application. paramcier
seltings. and spray head)

Particle separation device

W held
Scale-up capability

Bmall sample guantitics,
e particles, high yields

2 mil.

= 10 eps

Wibrating mesh

Picroclectric actuator
(ulirasonic freguency

4.0, 55, and 7.0 pum (spray
mesh hole size)

38 pm (4.0 pm spray
mesh), 412 pmn
(5.5 pum), S—15 pm
CT0 pumdy

MNarrow (span 1.2—1.63

0.3—5 pum
1205

10 m*h (larminary

LI8 m

200 mal s

1020 mlh (4.0 pm spray
meshly

25 50 mlJSh (5.5 pum)

BO—150 ml h C7_0 o)

Electrostatic particle
collecuor

Lip wo D05

Lirmiied by vibrating mesh
technology and clectrical
particle collector

Traditional spray drying,.
established process

30 ml.

= 3K cps

Twro-fuid noezle (optional:
ultrasonic moweale)

Pressurized gas {two-okd
naeele), ulirasonic
wibration (ulirasonic
marele )

0.7, 1.4, and 2.0 mam
(noerzle tip diamewer)

530 pm (0.7 mm tip}

Brosder (span 1_8)

Cspan = (dog—d o Wedsg)d
2—25 pm
220

35 m¥h (ourbulenty

0165 m

1 Ish

Depends on peristaltic
pump settings. SO0%
corresponds Lo about
S ool s h

Cyclone and glass vessel

LUp vo T0%
Possible wo upscale wo kg
and ton scale
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Solid Surfactant/ | Solvent
Drying gas | Drying gas | Inlet Spray mesh | Spray rate | Circulation | concentration | stabilizer | instead
Parameter | flow rate T | humidity T | temperature T | size intensity T | pump rate T | (viscosity) T |in feed T of water
e 4| T T[] T
temperature
Droplet size — — — f i T — l {
Particle size = — t t t 1 t 1 l
Feed rate — — — t t i ‘ t T
Moisture ' ' { — — { — ‘
content
Yield — A T — — — T T 1
Stability — = T t — =

\ 4

'}‘__ Strong increasing/decreasing influence; T, weak increasing/decreasing influence: —, minimal or no influence.

20



6/16/2020

(yogib)olyd o310l g9y p 1y vl cdale g Lally JU 2 ojlasl il

Concentration B
Substance Solvent (% wiv) 4.0 um 5.5 um 7.0 um References
Chitosan (low-density) 0.5% acetic acid | 0.025 95 215 265 Ngan et al. (2014)
Ethambutol Water 1 220 — — Ahmad et al. (2014)
Gentamicin sulfate in alginate/ | Water 0.1 310 520 850 De Cicco et al. (2014)

pectin 0.25 345 550 980

0.5 405 610 1000
Arabic gum Water 0.1 355 — — Lietal. (2010)

1 580 — —
Whey protein Water 0.1 420 — — Li et al. (2010)

1 595 — —
Sodium chloride Water 0.1 515 — — Li etal. (2010)

1 995 — —
Disodium phosphate Water 0.1 500 — — Schmid et al. (2011)
Trehalose Water 0.1 800 - - Schmid et al, (2011)
Bovine serum albumin (with Water 0.1 460 — — Leeetal. (2011)

surfactant) 1 700 1700 2600

Sodium alginate Water 0.13 760 - — Blasi et al. (2010)
Vancomycin in chitosan 0.5% aceticacid | 0.2 450 - - Cerchiara et al. (2015)
Curcumin in albumin Water 0.5 715 — — Jain (2014)
Salbutamol sulfate Water 1 1000 1600 3100 Littringer et al. (2013)
Galactosidase in trehalose Water ) 1800 4500 4900 Biirki et al. (2011)
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Disodium pi Bowine serum albumin
(Lee et al, 201 1)

hospha
(Schwnid et al., 2011)

Vitamin B12 In
(OHivaira at al.. 201 3)

Dexamethasone with Gentamicin in alginate/pectin |

veholate (De Cicco at al, 201.4)
Fontana ot al.. 2014

@
(LI et al., 2010}

e T -
(Arpagaus ot al., 2010a)

Fluticasone in Iactose
(Arpagaus ot al.. 2010a)

PLGA
(Drahoin ot al .

Armvoochciiiin in Dexamethasone
at al__2014 s Baba and Mishida, 20 ‘Eaba and Mishida, zc1:!| 1
Albutercl In mannitolleucine chitosan-starch

Salbutamol sulfate ‘Carboxymethyl cellulose Zinc oxide In
(Dhillon et al., 2013)

(Littringer et al., 2013) (Dliveira at al., 2013)
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Chitosan
(Gautier et al., 2010)

Ketoprofen in leucine
(Aquino et al., 2014)

Bl o S 5 Ay 0 Antd 0Ty Sy

Levofloxacin in
chitosan/leucine
terchant etal, 2014)

—

4

Magnetic nanoparticles in
Eudragit
(perecin et al., 2014)

“Salbutamol sulphate
(Faulhammer et al., 2015)

" Clarithromycin in
leucine/chitosan
(Dimer et al., 2015a)

Bacitracin
(Schoubben et al., 2014)

(Schoubben et al., 2013)
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Bovine serum albumin Etiwl céulose
(Lee etal., 2011) (Dahili et al., 2015)
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Leuclne
(Fengetal, 014

LIthlum carbonate
porous hollow sphere
(Sumeta, 2011)

Vitamin E olbn-ater
nanoemulsion In whey
proteln (L et al, 2010)

CotPO, and PYP coreshl parls
(Suryapraash f a, 2014
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Tin Tout | Drying gas | Particle
Substance | Application ‘ ‘Wall material Solvent ‘ °C) ‘ “C) (L/min) ‘ size (Wm) ‘ References
Nano spray drying
Sodium alginate Polymeric wall — Water 110 — 100 0.4-1.2 Blasi et al. (2010)
material
Arabic gum, whey Polymeric wall — Water 100 38-60 | 100 0.2-1.1 Li et al. (2010)
protein, polyvinyl materials
alcohol,
modified starch,
maltodextrin
Trehalose Protein stabilizer Surfactant, Polysorbate | Water 60-100 | 30-45 | 115 0.3-3.0 Schmid et al.
(2009)
Chitosan Bioresorbable — ‘Water 120 55 130 0.6-1.6 Gautier et al.
biopolymer, fat acetic (2010)
blocker acid
Hydroxypropyl Excipient for oral — Acetone 56 — 120 2-10 Gu et al. (2015)
methylcellulose medicaments
Poly(lactic-co- Biodegradable Surfactants, Acetone, 50-90 29-36 | 115 2.4-8 Draheim et al.
glycolic acid) polymer poloxamer, sorbitan ethyl (N,/COs) (2015)
monostearate acetate
DCM
PLGA Biodegradable — DCM 30-50 20-30 | 100 28-44 Beck-Broichsitter
suspensions polymer et al. (2012)
Hydroxypropyl Enteric polymer — Acetone 56 — 120 2-10 Gu et al. (2015)
methylcellulose film coating
(hypromellose)
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Nanoization/Structural Change

Sodium chloride Surface-salted — Water 95 — 125 0.5-1.9 Moncada et al
cheese crackers (2015)
Sodium chloride Model of water — Water 100 — 100 0.5-1.0 Li et al. (2010)
soluble salt
Nanoencapsulation
Vitamin B, ‘Water-soluble Arabic gum, cashew nut | Water 120 50-60 | 130 0.2-5.5 Oliveira et al.
vitamin gum, sodium alginate, (2013)
carboxymethyl
cellulose, eudragit
RS100
Folic acid (synthetic | Water-soluble Guar gum, whey ‘Water 90 45 140 0.2-4.5 Pérez-Masid et al.
Vitamin Bg) vitamin protein, resistant (2015)
starch
Vitamin E acetate Vitamin Arabic gum, modified Water 100 38-60 | 100 0.4-1.1 Li et al. (2010)
(nanoemulsion) supplement starch, maltodextrin,
whey protein
Curcumin Antioxidant Human serum albumin | Water 120 — 150 0.2-0.7 Jain (2014)
Food additive
Leucine Aminoacid, Trehalose ‘Water 75 45 100 2.1-54 Feng et al. (2011)
Nutritional
supplement
Bovine serum Model protein Surfactant, ‘Water 80-120 | 36-55 | 150 0.5-2.6 Lee et al. (2011)
albumin derived from polyoxyethylene,
COWs sorbitan monoleate
B-galactosidase Enzyme catalyzing | Trehalose Water 80 36-53 | 100-110 1-5 Biirki et al.
hydrolysis of (2011)
saccharides

—, Data not known.
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Tin T out | Drying gas Particle

Substance Application Wall material Solvent (°C) (°C) | (Lfmin) size (Um) | References

Nano spray drying

Calpain inhibitor | Drug to cure Ethanol 50 35 100 (N,/CO,) | 0.1-1.3 | Baba and Nishida
Alzheimer’s (2012)
and Parkinson’s
diseases

Ciprofloxacin Antiinflammatory, ‘Water 120 40-45 | 120 (N;) 0.8-3.6 Lee et al. (2013)

and antibacterial
gatifloxacin

Dexamethasone | Antiinflammatory Ethanol 50 35 100 (N,/CO,;) | 0.4-2.2 | Babaand Nishida
steroid, asthma (2013)
drug

Ethambutol Antituberculosis drug Water 110 — — 0.2 Ahmad et al. (2014)
for inhalation

Fluorometholone | Antiinflammatory Ethanol 50 35 100 (N,/CO;) | 0.4-1.2 Baba and Nishida
steroid, asthma (2013)
drug

Furosemide Drug to treat Acetone 100 — 100 0.7-1.7 | Lietal. (2010)
congestive heart
failure and edema

Griseofulvin Antifungal drug Methanol, 70 40-45 | 120 (N,) 3465 Schmid (2011)

acetone

Nicergoline Blood pressure Ethanol, water | 50 — 90 0.1-1.6 | Martena et al. (2012)
regulating drug

Salbutamol Asthma drug ‘Water 80-120 | 40-50 | 110 1.0-6.4 | Littringer et al. (2013)

Salbutamol Asthma drug Water ethanol | 100-120 | — 110 1-5 Zellnitz et al. (2015a)
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Nanoencapsulation

Amoxicillin Antibacterial drug Gelatine Water 80 — — 0.6 Harsha (2013)
to treat stomach
infections

Amoxicillin Antibacterial drug Chitosan ‘Water acetic 120 80 130 0.1-04 Ngan et al. (2014)
to treat stomach acid
infections

Azithromycin Antiinflammatory Sodium chloride, ‘Water 80 45 120 1-5 Hindle et al. (2015)
drug to treat cystic mannitol,
fibrosis leucine

Capreomycin Antituberculosis drug | Leucine Ethanol, 80-120 | — 100 1-5 Schoubben et al.
for inhalation acetone, (2015, 2014, 2013)

water

Clarithromycin Antibiotic to treat Leucine, chitosan | Water ethanol | 80 — 120 0.3-25 Dimer et al. (2015a)
lung infections

Clozapine and Antipsychotic PLGA, DCM water 60 31-38 [ 110-118 (N3) | 0.2-0.4 Panda et al. (2014)

risperidone drugs to treat polyvinylalcohol

Schizophrenia

Coumarin Fluorescent dye PLGA DCM 45 — 100 0.8-3.0 Bege et al. (2013)
suspended in fibrin
glue for surgery

Cyclosporin Immune system PLGA DCM ethanol | 29-32 28-32 | 102-132(N,/ | 0.9-2.2 Schafroth et al. (2012)
suppressant drug COy)

Dexamethasone | Steroid, Polycapro-lactone, | Acetone water | 55 34 110 0.6-1.6 Fontana et al. (2014)
antiinflammatory deoxy-cholate
drug

Dexamethasone | Steroid, Surfactants Ethanol 55 — 110 0.4-1.2 Durli et al. (2014)
antiinflammatory acetone
drug propanol

(Continued)
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T in T out | Drying gas | Particle size

Substance Application | Wall material Solvent (°C) ‘ *C) (L/min) (pm) References

Nano spray drying

Lithium carbonate Material for — Water 90 —_ 130 0.2 (primary) Sun etal, (2011)
(LiHCO3) rechargeable 4-9
(nanosuspension) lithium batteries (composites)

Magnesium Supplement for algae | — Water 120 — 120 0.1 (individual) | Sarma et al.
sulfate (MgSO,) to produce lipid 4-5 (2014b)
nanoparticles from waste glycerol (aggregates)

Ferric citrate Supplement for —_ Water 120 —_ 120 0.5-1.7 Sarma et al.
(CsHsFeOs) microorganism to (2014a)
nanoparticles produce hydrogen

Nanoencapsulation and nanoenglobing

Horseradish Enzymatic removal Ethyl cellulose DCM 40 — 100 (N3) 1.5-3.4 Dahili et al.
peroxidase of phenols from (2015)
enzyme wastewalters

CsH,PO, Solid acid fuel cells Polyvinyl- Methanol 30-120 | — 60-150 0.1-0.8 Suryaprakash
nanoparticles pyrrolidone water (N,, COyp) etal. (2014)

mixture

Zinc oxide powder Antimicrobial and Chitosan citric Water acetic | 120 —_ 150-160 0.1-0.4 Dhillon et al.

antibiofilm agent acid whey acid (2014)
starch glycerol

Magnetite Cancer therapy Polycaprolactone | Acetone 63 —_ —_ 0.6 Perecin et al.
nanosuspension by magnetic (2015)

hyperthermia

Magnetic iron oxide | Cancer therapy Eudragit Water 120 54 130 0.3-1 Perecin et al.
nanosuspension by magnetic maltodextrin (2014)

hyperthermia
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Fig. 3. Process flow diagram of the vacuum spray drying process
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Fig. 4. Schematic depiction of the dehumidified air spray drying system
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