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Release of Fragrance from Microcapsules in Simulated Laundering and Drying Conditions
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Abstract

Fragrance, often in the form of fragrance microcapsules, in laundry products is a key factor affecting purchasing
decisions because it gives the user satisfaction during washing and wearing. This research investigated factors influencing
the release of fragrance from fragrance microcapsules in simulated laundering and drying conditions including
properties of microcapsules, laundering water temperature (30-80°C), hardness of water (50-350 mg/L), pH of water (2.1
10.7) and drying temperature (30-80°C). By studying microcapsules with optical microscope and scanning electron
microscope, they were single core microcapsules with approximately 10 microns in size. Results from the examination of
chemical functional groups and thermal stability of microcapsules by Fourier Transform Infrared Spectroscopy (FTIR)

and Differential Scanning Calorimeter (DSC), respectively revealed that they were polyacrylamide-based
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microcapsules. Analysis of the release of fragrance from microcapsules after laundering and drying conditions with the
Headspace Gas Chromatograph-Flame lonization Detector found that laundering at 80°C for 1 hour released up to 16% of
fragrance from microcapsules by broken release mechanism while laundering at 30°C for 1 h released only 4% of fragrance
from microcapsules by sustained release mechanism. Moreover, hardness of water containing calcium carbonate in the
range of 50-350 mg/L had significant effect on the release of fragrance from microcapsules only when laundering at 60°C,
which increased the release of fragrance. However, hardness of water had insignificant and no effect of the release of
fragrance from microcapsules when laundering at 30°C and 80°C, respectively. The release of fragrance from microcapsules
was somewhat stable in water with pH in the range of 3.6 and 10.7 but higher when water pH decreased to 2.1. For drying at
30°C, fragrance slowly released from microcapsules. The release of fragrance increased with the increase of drying

temperature.

Keywords: Fragrance, Microcapsules, Broken release, Sustained release, Polyacrylamide

1. uni arwsunglulalasuaUgaifisdu ifanisveieineslalas
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USunaugedie 4,950 drumeanisansy [1] wianiunisainis lalaaiingv3u (Cyclodextrin) az%uagjﬁ'wasiwuaaamw%y’a
WNSTEUINYDY COVID-19 vilEusTaniin1sAnauaua (Hydrophobicity) izijmimmﬁ’umﬁﬁﬁaﬁm #ling
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IAELIINIING LU N1SNIU NI5A N15dERE Fgvianamntds fuq Uszunm 30 unil (Top notes) ?@Wﬁﬂﬂaiﬂﬂﬁ
vodlulasualga sfgunglivesaniizuindon vinli Uanuaosuuuunn (Broken release) Fafufiuusaniena
thweuitussgeglululasuaugaiinnissemenintu sl luvauedl dmeudsvimedn wavasasegilu 2.3 alus
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dweslululasuauga wuih nisvanudestmenannlulas
waUgalu 8 Flususn azfntuedrniag uaslanddes
athaseiilesd q Tudae 896 Falus nvanisdanvdes
meuanllasuatgaluasdnduiigamaiias (utas 30-50
owmwaifua) aziinisanddosgatu Tnsawizetsbs ns
vanudestimeuanlulasualgaluaisdndaiigaumad 40
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Imaﬂaumau 1/|'1°LMﬂ13UamUaaaumauwauu [2] Bslunin
tu arunszdnsesihdnd s dsasiomsuanudestimen
TnsnistanUdesimenniiadu (Vanilin) senanlulas
uagaiidanszsiannTnddaluu (Polysulfone) lelulas
waugauvruassluiinge#1a (Hard waten) sinlviimos
Uanddegeananlulasualya gedefauay 90 vesUsunn
hwestavun Andy 2 wiesUFinamstanUdesthmelu
iuseanlessu (MILIQ water) Tnsnalnnisdanddes
dwenanlulasuaugaluismnlesou Usenaudae 2
du Ao nawndeufivesluianawonniiadu (vurm 0.6 w1
Tuins) dugnguveslulasialya (aunde 1.4-14 unly
wns) luganiusmaanlonou saufunisnmudidnds G
Usimnleaw) avduaiuliluanatvenausaindoui
Mnuinugwguvedlulasuauya sonlussuhdndelditeiu
Balundriu msﬂamﬂa'amfmammnimimlmuegaﬁLmuaaa
Tuthnszdaialdgedu idesminsyiedosdusznaunes
Ca(HCOs)s, Mg(HCO3),, CaSOs, MgSOq ilugiu devinloiniidn
anaunsasaiiviu dmaliauannsalunisazaisved
dwealuthifisdu (8]
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Junsadnavash u,auammﬂumsammq [9] fathemiidei
amau”[,ﬁmamﬂmmamaa{]mamq q denisanusesiimen
nnlulasualgaluanngdrasenisdndrsluddnéreii
diflesdanatvududalniun (Linear alkylbenzene
sulfonate: LAS) %aLﬂuaﬁiamLmﬁaﬁanwau (Anionic
surfactant) fildSuanufisnlunisianldlunsdnwen [10]
wagluaniizdanInIToUL

2. 789 aUn3aluaziZn133e

2.1. fuginsuasaudivaslulasuaugaivon

dugruinervedlulasualya IAsieviniendes
‘-gmniiﬂfl wuulduas (Optical microscope; Carton CM400
Series) LawNd049an33AUBIANATEUKUUEBINTIA (Scanning
Electron Microscope; JEOL iﬁ'u JSM-IT500HR) N15n58318
fvosualulasuatga Tinseisoindosiiaszivun
8UN"A (Particle size analyzer; Malvern Master Sizer 3000)
nsegindslulasualgaiilagnisitatendalulas
wadgadionisun uiaesliimenaielululasuaya
S8IME09n WAAsIzal8wmAlla Fourier Transform
Infrared Spectroscopy in Attenuated Total Reflectance
(FTIR-ATR) nenaniiinszinisdeuulasaudounes
lulasund 8 #1¢ Differential Scanning Calorimeter
(NETZSCH ju DSC 204 F1) lngiidnsinisliaaiuseu 10
Ay anoundl Tugas 25-600 ssmnwaldua n1ela
annzlulasau

2.2, N3918B9ANITATTNAIAZOUNAS

n1sdnaeenisdndnainluiaiosufnsaiuuuns
(Batch reacto) U31ms 20 fiaddns Faussqlulasuatsa
¥aveun1en15@ Refresh D Caps (Microcapsule slurry,
Givaudan) 50 fadnsu Awllusdanatuududalniun (Linear
alkylbenzene sulfonate: LAS; Sulfonion LS43) 0.6 ASY way
dhusaanloseu (Deionized water: D.. Water) 8 n5u log
AuANANSITeUTuN1ININETS 500 sousownd Wunian
1 4l

msﬁﬂmmamwwaqqmuqﬁﬁuaaﬁﬁﬂﬁwﬁ 30, 60
uaY 80 BIFNITATEA UAZNANTLVIUYBIAIUNTEANYBIiIEN
defifivsuauna@eunaiiueiun (Calcium carbonate:
CaC0s) 0, 50, 140, 250 uay 350 fiadn3udoans tiolv
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ﬂiaUﬂQWUﬁﬂﬂax‘i“j’lﬁ]’]ﬂLL‘V?a'W]'N q (leiuA Wrgeu (0-75
fladn3usedns) thnseaeUiunans (75-150 fadnfusiedns)
thnszane (150-300 fadn3usedns) waztinsedann (>
300 fadn3usedns)) lnstinszdaunionainnisazans
CaCOs Tuthusiaainlossy uazasraaeulsuna CaCos i
floglui Inen1s8nidaedns 100 faddns adluvan
YU 250 Hadans Wuarsazateiwiwes pH 10 U31ns 5
faddns WuaisavarsdudimmesiedlolasuLuani
(Eriochrome Black-T) 3 v warilulnmsadvaisazaney
UINTFIUY 877 Lo (Ethylene Diamine Tetraacetic Acid:
EDTA; Qrec, auudaviddosas 99) 0.01 Tuans waguam
AUN5EAI9VD N (Calcium hardness) 31n@unasi (1)

(11]

) mL of 0.01M EDTA
Calcium hardness= — x100 (1)
mL of sample

Tunsdifias@nwinansznuaesainnudunsaig
(pH) USumansalunsn (Nitric acid: Merck Aududuas
a1sazanuiesay 65) kazuouluiile (Ammonia: PanReac
ML UYRIENTaraNeSpEa 30)

NM39Na0IEN ML Antadioullifislulas
LLmJﬁgaifmamLﬁwﬁuﬁmﬁaagjuuﬁaﬁ’l lagnisinlulas
uAUgat ey (Microcapsule sturry) 50 fiadnu ldaslu
19UTURs 20 $addns Ve wdatidwmieudl 30 oeen
Wwalgea (N1591809015M1NEN) WAz 60, 80 aeALYaLTYa
(M331avensoudn) Wunaeig 9

2.3. mwseiUSinaihvesluaniizang 9

nsasedeuUsinavesfivasuaesluanniznns
dndnasng o vilasnsisoghaindndns 0.5 fedans useg
Tdvqn 20 HaddnTu1iAs1gRa8mAlla Headspace Gas
Chromatograph-Flame lonization Detector (GC-FID, Thermo
Scientific 3u Trace 1300) Fsiifunou Ao Yfegraiunzes
L'ﬁaﬂaﬂﬁ’ﬂﬂﬁ’lﬂﬂiuﬂwgaﬁmauamﬂ winiiegdly
Tanudeufigumgd 60 osawadoa Wunan 30 uni
Lﬁ@iﬁfwamﬁaxmsasﬂuﬁw%’ﬂﬁw (Wavmnal) sz
sonuagluauia Tun1sinseilddiden (Helium) 1Ju
wAagnn (Carrier gas) igwsnisina 0.5 fiaddnsaeuni
9o il (Oven temperature) 80 a4 BALTYA QaUnY3l
M5199U (Detector temperature) 230 9IANLYALT 8@
gaunnIana13619819 (Injector temperature) 150 941
wadua daunisaseaoudiunatimenluaniynsinld
wisfigamgiinng q limadanisiesisiuifioadunis
asrvspuUsInaimesluanynnsindn

3. NANTTIAYUATDAUTIINANTTIAY

3.1. autiAvadlalasuaugatven

dug1uinen (Morphology) vaslilasuaUgatinen
Aaszimenasaganssakuulduas (Optical microscope)
wu lulasuadgaiidnuazidunssnanifidduuinuey
vomsanan Fududugnivewedsilasuagauuuinunanadien
(Single core) (Figure 1 (A) mwdwiuimuﬂﬂfgaﬁmamﬁaEJ
ndvsganssAIBIanAsoULUUEDINTIA (Scanning electron
microscope; SEM) Buduin lulasuaugadiulngiunss
nanvwIAaN (Uszana 6-10 tumsew) waziduvsdrndunsse
nanauIntue (Uszua 17-20 lupsew) (Figure 1 (B)) dle
fsan aziiud bilasuadgadiauysaiidnumsnau (Figure
1(0) waglilasuadgavisdiuuaneenuazmuluiidnuvmue
nans (Figure 1 (D) FaflunsiuduindulalasuaUgauuy
unuNaNLAEn (Single core)

msieszivuavedlulasualgasisiaiesiinsiz

yuneynia nud lulasuatyaidiulng Souiavssun
10 lunsey (Figure 2) Fsaenndosfunndslulasualya
dhweusendesganssmibidnaseunuudensin

Figure 1 Images of microcapsules:
(A) Optical icrographs 10x, (B) SEM micrographs 500,

(C) microcapsules and (D) broken microcapsules
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Figure 2 Particle size distribution of microcapsules

aaiusznovramalulaTuAUYa Inszimemaiia
FTIR-ATR spectroscopy @auandlu Figure 3 wud1 Using
fAfiduntsiavaau (Wave number) 3343, 2933, 1666,
1550, 1454, 1157 waz 1050 cmi’! Gefiailintuaonndosiu
nyilsiduresnedozasailud (Polyacrylamide) [12] ogngls
Ay Sausngfiefidumisaundu 1360 uay 1486 cm? &9
Uasduanssuiiduesdusznevuiunedesaianlud 91n
wansnaaesivinliaguldinlulasualgatmeuiinay
Fuaneinannedesaialusnan vieldululasualyaiid
wodozasanlumiduesAusznoundn (Polyacrylamide-
based microcapsules)

0.6
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Figure 3 FTIR spectrum of microcapsules’ shells

29

Table 1 The assignments of IR bands for pure
polyacrylamide [13]

Wave number (cm™) Band assignment

3419 N-H asymmetric stretching
2940 C-H asymmetric stretching
1660 C=0 stretching

1601 N-H bending

1431 C-N stretching

1111 C-O-C stretching
1070 C-C asymmetric stretching

n5inseinisiAsuLUasnuouveawislulas
waUgaslenallan DSC dawansly Figure 4 WuN13QAAIY
Youfigauunil 31.2 ssmwaldoa deunaziiugumgiilunis
LﬁﬂmiL‘Ua‘lHHLLﬂaﬂfgﬂﬂﬂ%aﬁlmiﬂiLLﬂ‘U"ga (Volume phase
transition: VPTT) Ssaenndaafugamgil VPTT veenalalas
unUgafidanszsilasiinedozasailudiJussdusznouvdn
[13] Tnevnlalasuaugaeglugamgfifinningamgil VPTT
mﬁﬂmiﬂumwgaww%’uﬁﬂ UWAELIANITUINYDIN T
(Swollen state) usiiiolulasuaugasglugunnfiigeni
gaungfi VPTT agviliindafinnisund wazlanddestin
oonumdonq futhuesftegnelulslasuaisga uanainid
wunsAeAmSeuTigunail 179 ssmwaidea Feenaidy
v in1siiandn (Crystallization temperature: T) U84
TswaianiinedezeianludiJussdusznoundn uasnumsgn
Audeuiigavndl 218 wag 320 emisaifea Jeurazidu
qquﬁwaamﬁﬂ (Crystalline melting temperature, Tu)
Tnogamgivisans (T waz T Suunliuduiiorfuiinuly
wodnzaiarludnaulalnwiu elldvindy 129 way 295
mudiy aflenganiemgiiveswedezesalud [14]

1.4
1.2 F
10 |
0.8
0.6
04 F
02
0.0 ' ' ' '
25 125 225 325 425

Temperature (°C)

DSC (mW/mg)

Figure 4 DSC thermogram of microcapsules’ shells
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3.2, Ginanhwenluan1iznsdndng
nsimszinisuanudestmenannlulasuauyadi
wwuaesluidngs mevdinissaesnisdndraduna 1
Falus lasnisussgiven 1 uazansanussfsialuran
naaes udamsheg i luriamaaeannseadiietosulilil
Tnsuavgatimeuinu udriitddeddluliaudoud
guvndl 60 psrnwwadoa WWunan 30 wiit iileliimendie
wandiuneglumauia ud23iaseside Headspace Gas
Chromatograph a7nlAsulnunsuvesimeyreunsdna
warndan159nans fiuansly Fieure 5 (A) waw 5 (B) audisu
awdiuldin dwenfignuanudeslutdndeunngdietamn
7 fin TnguSanauien (rgsdie) Tuthdeunsdnaziidios
dntlon wimendemsdndraduam 1 Falue Wunad e
gnuanUdeseeninisudisdy
ogslsfnu lasuilnunsuiliinannisussyiies
hwosluriannass (Flgure 5 (C)) fﬂ“ﬂimgwmwm 8 i
waz mmmwmawmam IR Luamumswﬂmmw
gaungdl 60 esrwadeaduna 1 Falua (Figure 5 (D) B
LLamﬁamsUaﬂUéaaﬁmaumﬂ"L;JIﬂSLLﬂUegaﬁLﬁuﬁu Wuiiin
Funmin Ainfiusngfivan 4.9 widt (@ydnwal * Tu Figure 5
(© uaz ) binululasulnunsuvesimeniianznmsdndns
odumnzesdusznourenimesiiunngfiana 4.9 wil
fruaunsolunisazanelutings Fewmiiadenldfandni
nan 5.4 unit Fausngdaauiisluanniedndng uavanioe
suwiaduiunuiiednnuusuadmveniiannzdnuas
ANNZBULIAY
n13d1aesan1zn1sgndslasvssglulasuaya
i 50 fedn3u AfledSaraundudaliiun (LAS) 0.6 n¥u
waztnszanaduATEiTdUSIna CaCos 50-350 fiaan3u
#oans S1uru 8 nfu uarlianufoud 30, 60 uar 80 a3
waldea luseninamsdnidunan 1 42lus Wnefesarnis
UamJa'aaﬂfmammiuiﬂﬂmﬂga (Release of fragrance)
fuamanuasiwesSunaiveniivanddeseonuluiia
Aendenistniianiazens 9 Wunan 1 Flusiuliinm
deuiivanudesrountsdn Weufuusinaimentiovun
wuin Sevazvesnistanddestmonanlulasuadya ddn
Lﬁu%uLﬁaqmwgﬁqa%u (Figure 6) Tnsianized 1994 71 80
svrnwaidea Seusvana 16% Tuvaii nsuanudestimen
flgumgdl 60 ssrnwaldua TaUszun 8% FaRndy 2 i
vasnsUanUdesil 30 asrmisaldea
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Figure 5 Chromatograms of fragrance releasing from
microcapsules in water: (A) before laundering and
(B) after laundering for 1 h; and in air

(O before drying and (D) after drying for 1 h
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Figure 6 Effects of water temperature and hardness of
water on the fragrance release:
(11)30°C, (0 ) 60°C and () 80°C
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Figure 7 SEM micrographs of microcapsules after
suspension in water at: (A) 40°C and (B) 90°C
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Figure 8 Fragrance releasing from microcapsules in

water at different pH
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Figure 9 Fragrance releasing from microcapsules in air at
different temperatures:
(11)30°C, () 60°C and () 80°C

4. unagy

mﬂmiﬁﬂmmiﬂamﬂéaEJifmammﬂimiﬂiLmUsga
dvenluannivsraninsdndns uasn1souwa nudnis
Uanudostmeuanlulasuaugaiintuldd figungiigs us
nsl¥gangiigaislunisdndns wagnsouuisenalsimang
AuduUseian wselimunzdunisldluuisaaiunisal
feutoyaiieriunsanudosiivenanlulasuaugalu
AN17291899N199NAN LAENITOULINEAUEAY Lay
orfudoyafiugiuiiinlugnisdesenitmuilulasuauga
dvenlviidnuaedimnzausenistndne uavnseuniedin
Ignannvaneviniy vieliaunsalduldnirevneduly
nanvaNEanIUNITal

5. finAnssuusznna
mu?ﬁaﬁlﬁ%’uﬂﬁaﬁuauuwﬂizmmmmuqmmu
FWonaziau eduaduanuuilodumienunieuen
AMEIAINTIUAIENS UNINYIFBYINT (395, 1/2562) Uay
NuaulAsINsgiIedoseiuTudinAnu susd 3 aue
ANNTIUMEANT UMINGIRBYITNN (GRA 3/2562)

6. References

[1] Galbraith C. 2018. An Overview of the Global
11th
http://www.ialconsultants.com/uploads/CUBE pre
ss_release/2018-08-02/FF PressRelease 2018.pdf.
Accessed 1 July 2021.

Flavour & Fragrances Market, edition.


http://www.ialconsultants.com/uploads/CUBE_press_release/2018-08-02/FF_PressRelease_2018.pdf
http://www.ialconsultants.com/uploads/CUBE_press_release/2018-08-02/FF_PressRelease_2018.pdf

NI IEanswasinalulag unnInerduauasvsil U 23 atunl 3 weuiuengu-sunau 2564

Zhang, Y., Song, J. and Chen, H. 2016. Preparation
of polyacrylate/paraffin microcapsules and its
application in prolonged release of fragrance.
Journal of Applied Polymer Science. 133(42):
44136

Kaur, R. and et al. 2018. Potential use of polymers
and their complexes as media for storage and
delivery of fragrances. Journal of Controlled
Release. 285: 81-95.

Perinelli, D. and et al. 2020. Encapsulation of
flavours and fragrances into polymeric capsules
and cyclodextrins inclusion
update. Molecules. 25(24): 5878.
Zhao, H. and et al. 2019. The fabrication of
fragrance microcapsules and their sustained and
broken release behavior. Materials. 12(3): 393.
Xiao, Z. 2019.
sustained release properties of watermelon flavor

complexes: an

and et al Encapsulation and

and its characteristic aroma compounds from y-

cyclodextrin  inclusion  complexes. Food
Hydrocolloids. 97: 105202
Tekin, R., Bac, N. and Erdogmus, H. 2013.

Microencapsulation of fragrance and natural
volatile oils for application in cosmetics, and
household cleaning products. Macromolecular
Symposia. 333(1): 35-40.

Pena, B. and et al. 2012. Preparation and
characterization of polysulfone microcapsules for
fragrance release. Chemical Engineering Journal.
179: 394-403.

B.P. 2016.

Microencapsulation technology and applications

Bojana, and Marica, S.

in added-value functional textiles.

Sciences Reviews. 1(1): 20150003.

Physical

33

[10]

(11]

[12]

[13]

(14]

[15]

[16]

(17]

Roberts, D.W. 2003. Optimisation of the linear
alkyl benzene sulfonation process for surfactant
manufacture. Organic Process Research &
Development. 7(2): 172-184.

Ferreira, D. and et al. 2019. Quantification of the
uncertainty of the visual detection of the end-
point of a titration: Determination of total
hardness in water. Microchemical Journal. 146:
856-863.

Gaabour, L. 2017. Spectroscopic and thermal
(PAM/CS)
blend loaded by gold nanoparticles. Results in
Physics. 7: 2153-2158.

Radecki, M. and et al. 2015. Temperature-induced

analysis of polyacrylamide/chitosan

phase transition in hydrogels of interpenetrating
networks of poly (N-isopropylacrylamide) and
polyacrylamide. European Polymer Journal. 68:
68-79.

Ali, ZA. and et al. 2011. Beneficial effect of
chitosan-g-polyacrylamide copolymer in removal
of heavy metals from industrial dye effluents.
International  Journal of  Environmental
Sciences. 1(5): 820-833.

Lopez-Leon, T. and et al. 2007. Hofmeister effects
on poly(NIPAM) microgel particles: macroscopic
evidence of ion adsorption and changes in water
structure. ChemPhysChem. 8(1): 148-156.
Farooqi, Z. and et al. 2017. Stability of poly (N-
acid)

conditions of

isopropylacrylamide-co-acrylic polymer

microgels  under  various
temperature, pH and salt concentration. Arabian
Journal of Chemistry. 10(3): 329-335.

Yang, Z. and et al. 2014. Development and
evaluation of novel flavour microcapsules
containing vanilla oil using complex coacervation

approach. Food Chemistry. 145: 272-277.



