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2 2k wojamlo]ay Fo SRl TP A= HeUE FQ FA 402 U g Aot Yty o=w
wol3Yy sl YAAES FFAI7IE didl&AdQd g o] AstE 7] widel] 2R HEAAS Tl F
ZAIZ71EH A AT B AT E F /A T8 $48 BEAI7]7] 9814 air jet mill 3AE AESA
1, lauroyl lysine (LL) 3} sodium cocoyl glutamate (SCG) 2] EFEZ &2 I8 A3 sericited 283}
of WM S FHAAY. T, BAAHo] GRS o]F 3 Q1= polymethyl methacrylate (PMMA) <}
diphenyl dimethicone/ vinyl diphenyl dimethicone/ silsesquioxane crosspolymer (DDVDDSC) & 2#}-&3}
o PAE FIANA AR FHstr] AL F 7HA F4 $4E ZF UEAZAS air jet mill 342 A<k,
21E Aol T2 HEHT Qo SAE BEofollA e I9r A4 7S Y8l AMEEI = Tt
ATl air jet mill 3 A2 FHDANA HEAA HA YA 6.8 ume] FRE 48T
o} 183, EDS w02 Ti Y4rt s 5o AAF o2 12 EXxsla A8 &1stia, SEM
Bot] o dAY] BAE FEe| A 7HEAE €& ER1skAn ol 3 EFE o] 838t s sE
of IR =xF o, WA o] A= BHE &  Jvha FoEh 37 1stdo] 43 LLI AA=o|d
A ZI3YANA FEls SCGE 54 ZHY sericited] WAAAE U5 FFAFATE 283, PMMAY 4 =
FE7F S m A= = H7Fsl7] $1814 SEM< £43HAth AR FElE 2 78 2 A7 oAM=
FEET} FEstal T o dEA a3 O S FUkske A o2 UERSTE PMMAS THEARY 3 47 o
2 HALE FulEASF SAHO0RE IRIEHH L, HH 9 TS AAsHTE 28, AEE B ey TR/
2 G AE, I3t
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A%, Yok A 52 &<lste] DDVDDSCE Z2A st HEFH o2 PMMAS] w4k 3} 2]
g2 g8 Syt B TS 7= AL L F AR o)9 2o FAEE A} HAEE ztodAE

gslebg o] ek, Al WE AR ekt B AT AnE Ba B =Rolq AAshe Zeas
shere] WA BAH S PAAD S olE @ AR PHoE B8E 4 e Aol BuAT.

Abstract: The key quality attributes of the pressed powder, one of base makeup products, are skin-affinity and
spreadability. In general, there was a limit to meet skin-affinity and spreadability simultaneously, which are opposite
attributes each other. In this study, air jet mill process was tried to satisfy two main properties. Skin-affinity was im-
proved by a wet coating of sericite with a mixture of lauroyl lysine (LL) and sodium cocoyl glutamate (SCG). The
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application of mono-dispersed polymethyl methacrylate (PMMA) and diphenyl dimethicone/vinyl diphenyl dimethi-

cone/silsesquioxane crosspolymer (DDVDDSC) improved both qualities. Air jet mill process has been mainly applied

in the pharmaceutical and food industries, and is a method used for processing powder materials in cosmetic field. In

this study, we were able to complete makeup cosmetics with an optimum particle size 6.8 um by combining the air

jet mill process at the manufacturing stage. It was confirmed that the Ti element was uniformly distributed throughout

the cosmetics by EDS mapping, and that the corners of the tabular grains were rounded by SEM analysis. It is consid-

ered that this can provide an effect of improving the spreadability when the cosmetic is applied to the skin by using

a makeup tool. LL with excellent skin compatibility and SCG derived from coconut with little skin irritation were wet

coated to further enhance the adhesion of sericite. SEM images were analyzed to evaluate effect of the dispersion and

uniformity of PMMA on spreadability. With the spherical shapes of similar size, it was found that the spreading effect

was further increased when the distribution was homogeneously mono-dispersed. The dispersion and spreadability of

PMMA were confirmed by measuring the kinetic friction and optimal content was determined. The silicone rubber pow-

der, DDVDDSC, was confirmed by evaluating the hardness, spreading value, and drop test. Finally, it was found that

the dispersion of PMMA and silicone rubber powder affected spreadability. Such makeup cosmetics have excellent

stability in drop test while having appropriate hardness, and good stability over time. Taken together, it is concluded
that air jet mill process can be utilized as a method to improve skin-affinity and spreadability of the pressed powder.

Keywords: cosmetic, skin-affinity, spreadability, air jet mill, pressed powder
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Figure 1. The photograph of air jet mill.

A ToE et I =FE ol&dt AFS A
o I Y (pick-up)°] FA &S FE AT Aot FE& o
s FH A vRIT 24 2 o] 9] HFAt F
g EHE 52 sk ol AREIL 9o,
o] Afoll= B¢ FE3 o uly 831 4
84 ZAE A3 AFs ol ojHgol U, AHETE
AtA 7= BRlo] EAZITH3].

Air jet mill 32 F=2 23F, oJoE, AAaA 5
oA ol &HE THOE = oﬂ% o]-gate] 4
g st Stk F, 1&o® g=d )k &
7 ANZE U ZE(milling zone)oll FUAIA 2] A
E =Z(jet nozzle)oll &34 113 o] EF(track) &5
< BFAA] 318k, a1E9] ofloj(air)oll o7 E&7F o] F
o)X AnE L3k Air jet mill 32 LRE A2
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B AZX(spray dryer) YIS 8= 1A 47| wiF
374 st gl AN BA A a3 59 Aol
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FABIAT ol & s] AisiAd, £ E W
2 o =m A9 3t 3 E S F
3} grinding zone 2.2 FUHA HH AT F5

25 4oA 47t He FHEA, AdsHel A2

m 2371 8ol 3ol Utk Figure 12 53l %
air jet mill 71718 EA8MATE 218 2o gt
= Ao A il &57] 2A7t 7Fsshe
& zdo] golste] zmlE 47} 7hesith 1
TR ol vl A o] 22 Ao] 5A o]
. Air jet mill 3L Ak, A1F, Mt 4kFolA @

ol

rlo

ﬂHmQO{N‘oBE_‘E‘,O{N'::‘rlOé—|>JE§9é

das sk WAy 9wy

oX,
%
ox
=2
=
o
2
-

63

Feed Funnel -~

Micronized Product Outlet
Compressed
Feed Air or
Gas Inlet

Vortex Finder

Compressed
Grind Air or
Gas

Grind Air or

Replaceable Gas Manifold

Liners

Figure 2. The principle and scheme of spiral air jet mill.

g ARRHIL St} dE E0l, AloF FoklAe A
Ao thall H U4H =EF} proteind polymer?]
complex®} AlA drug load2} o] 803 W=ol U
g A7 AAEHT AAfe], FAANT= &) §hHe
A7), A8 IEHe £5 =29 4: 59 ¢
38 1S HIAA Fxste FH9 Ak A
mlolaE wele Basle] 1 ANE sG],
P EokollA= oHer AFo FE AREEIL U=
Y F(talc), A2]7Ksilica)E air jet mill 7}3 * 2]35}]
=7 1A1A Ad3 7k Agsh] f% 21 52
T3 A ZE ATH9,10]. =3, R A= AAKGilk par-
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2.1, A=

B Al Ae-H
= Qg3 Jgﬁ%?é(s.z um, 12,6 um, 16.3 um)S ¢
5 4 7](particle size analysis, PSA, Mastersizer 2000,
Malvern, England)E ©]-8&3t] S35t A&l A
8% PMMAE 47H] SFE AHESIIHE PMMAE A
B2 FARE A4S 2 e Ae® st Al
gAY gsas AR fAFeldd. A"
PMMA (PMMA MP 2700, Soken chemical & engineer-
ing, Japan/ Artpearl K7P, Negami chemical industrial,
Japan/ GMX 0810, Aica kogyo, Japan/ SunPMMA-S,

Sunjin chemical, Korea)< H]T}h3-4d(non-porous)] U5

24 2

<X (sericite) =
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£ AAstAtk 183, AElE 3HHE% dimethicone
/vinyl dimethicone crosspolymer, silica, isoceteth-10
(DVDCSI, Dow corning, USA), vinyl dimethicone / me-
thicone silsesquioxane crosspolymer (VDMSC, Shin etsu,
Japan), DDVDDSC (Shin etsu, Japan)< AM-8-33Th 3}
SH o AFA gret He} FAE S skl AL
43l 22U hydrogenated polyisobutene (HP, NOF,
Japan), phytostearyl / isostearyl / cetyl / stearyl / behenyl
dimer dilinoleate (PICSBDD, Nippon fine chemical,
Japan), dipentaerythrityl hexahydroxystearate / hexastear-
yate / hexarosinate (DHHH, Nisshin olilio, Japan)©|T}.

2.2, A&71(7]

zZH 2t U ARE Y8iA dld 2 A (henschel
mixer, Woowon, Korea)2} oFEr}o] & (atomizer, Hosokawa
micron, Japan)E AHESI Y, AE S-S 284 ol
7 ZZ7]|(Asker CL 150, Asker, Japan)E &-&3}Hth
=3 dA HEEH AAE AT air jet mill (spiral
type, JEM, Korea)> main 422 10.0 kgflem’e] 42
o2 THEIA, ejector FHL 6.0 kgflem>©] ™, liner
AL 4.0 kgflem’ .2 3FATE 18] 11, screw feeders=
10 rpm, agitator 5=+ 7 rppm 2710l APt Tt Al
3 ZY2E 99U MR ke et A S
A sttt ek b2 A= A5 371E Hsh
o] 3 mm AT H"ﬂ °F 70 cm Eolol| A A HEHA]

o A A Fls H’EHHE 25 C, 37 C, 45 C,
50 C, cycle, 0 C, —15 C Z79] &L ZH](micom
system, LG, Korea)E AR&3lo] Alg9] S &<l

ST

2.3 '='A-IE17|-

Air jet mill 38 AAIStA 7]&9] WA Y A
Wl A 295 dAke] Fe w3t ¥ PMMA
o] Pejghs 45 9184 WA A (scanning elec-
tron microscope, SEM, S-4800, Hitachi, Japan) > 2 -4
= AN, Ti 940 ExEe FdAde Fdst
71 SElA olqA B4AHE B4 7(energy dispersive
spectroscope, EDS, EMAX E-2500, Horiba, Japan)E &
&3t B39 Y. PMMAS] S0 w2 dEA 3

hEkaladEeks] A, A 439 Al 1 &, 2017

7hek AenE RAE T Y =] el wE vf
Ze ks fIel vk 77| (friction test machine,
TO-100 IC, Testone, Korea)E AHE-3}3 T} E=3F, air jet
mill 387 7|& A dE BE} H AA &

He 9laA 9= BA71E BesAh

24, 7ALE FE Xz
AR Y AR HAA BE F8 d5o)]
ol BwEol e o Aok EW, BHAAEE®

pum, 12.6 um, 163 ym)oll & FFEE F= A &
gt=n} AeF 4 7](inductively coupled plasma mass
spectrometry, ICP-MS, NexION 350, PerkinElmer instru-
ment, USA)E ©]-83}] <QFEJE(Sb), H(Pb), Bl (As)
Zo] 7|z AT £AS A5EtHT: ALRE &

T ZHo] 7158 X0 ¥e & ALR thaA 9
Hi & Slgsls AASS 9o & ¢k 8090 TS 54
StAA oF 3 h EFsIATE FE3] EFE AL <
& o, Z® 2AEA B2 ol 23

KX

o
Bl A st wstal A7 3ol = A54do] A
AF FIAY SFEHIOIE(SCG)E T3t °F 30-40
min 7#F°] A7 FEF FostHA E4letith &
A 53 888 Hr] AES ZH7](CARD Hitester
3244-60, Hioki, Japan)E &-83}] 700-750 us/cm ©]3}
7} HEE FA(washing) & Ths sttt 18|
g2 7AZ7](dry oven, SS-DO 135, $+23}38} Korea)©l
ABE Y 9F 100-110 C ZAA Az 1%
ojsl7} HEE AxAZT HAX(dry) 37
H(atomizing) SHES A L Feo 2AE A
u

g5 ¥

AR
T LL3} SCGo ol mhe 23 Hrhes esvha
Ag, AP A8 AP 55 gt ZH vleS 2

s,

25 mAE med Mzt =4 &Y

zZEsE FPTE EARY edne FHEE,
B AFellA AFERE #AlH = 24, LL B SCG 28
AR HLE, PMMA, A2E 74 394, vg =
A A, A Sog FAFPOM QYR HR
SEo] A AEFANES} HO| 2EHF9] o2 24,
Hds)7} deke] AgEe) gle el oY So=

/H§I}J\1:]. Az e oM Bars 4 g E

gk ¥ 3145(800-1,200 rpm) S = °F 5 min &<t S
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Table 1. The Physical Properties and Characteristics of Various Processing Methods

Henschel Henschel Henschel Henschel + AT Henschel + AT
+ AT (A) + AIM 1 (B) + AIM 2 (O) + AIMM 1 (D) + AIM 2 (E)
Hardness 35-42 37-43 38-42 39-46 40-45
Drop test (times) 4 4 4 6 6
Average diameter (um) 7.9 7.0 6.3 6.9 6.2

" Henschel: henschel mixer, AT: atomizer, AIM: air jet mill

3 5, A<5(400-600 rpm)O-Z A A3 wHkstEA oY
5 EAKspray) FEIE ARSI E]a, dA
A 2ol A 3145(800-1,200 rpm)©-Z °F 3 min T 2
gk Oh3, o}FEnlo] A (atomizer)E ©]-8-3te] 23] 4
gk & 30 "l4l(mesh)= AF3IAT 7] LAY A=

TS 53 9AES oF 30-50 keflem®] oA 1
A 3 s 5 AT A4S ZE s 99

off

NS Aot Axs 2491, 342 O Hsteg
kS Sjlstant

3.1. Air Jet Mill 289| 5111 2 &5

FY Aol tistel 712 A air jet mill F4 ]
A 84, Hit U Fol o9 A=A &
A5 TH(Table 1). 71E FH(AAA + ofEwto] )
< 712 = A S o, ofEnto]A T4 flo
air jet mill 13](JE B)e| 79 B+ 473°] ¢F 7.0 um,
AET of 37430 % UEMHT air jet mill 23)(2E C)
o] Aol Hit YAl ¢ 63 um, AEE OF 38-42
ol 712 FANA FIIHOZ air jet mill 3FL 2
ABte e 2 ARE AT FUHHOE AA
gk air jet mill 13)(2 & D)= HF YA NAE oLEr}o]
A &4 glo] A% A Bt AR AE HYo
o, GBS 39460 % °F 5 AXo AT A5E

Figure 3. The SEM photograph of previous processing method
(A), air jet mill method (B).

I= dehlh 23 7)€ 3ANA FUHE o2 Al
g air jet mill 23)(2 ¥ B)= H+ 4740l 62 um, 3}t
ABEL 632 AU ol T 2AE B &
AT 4= = AMEL air jet mill 3 139} 23]= H
Y7ol oo st A3 ofEntelA 4 §l
EHEHE UehllE e 20 F AN
71E FA FI/HHOZ air jet mill 34 3
ING 735, BEc oF 5-6 A= dodt HaletA
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3.2. Air Jet Mill 89| SEM EA

7128 A air jet mill 3AHSE A Z3
A 42t FE WsHE SEM 418 B4
ChFigure 3). 7]& 3HOE A|Z3 AlR9| ¥
o] ¢ B (edge) F-Eol E7HFL A3
3L A= HHE, air jet mill 3902 A 23 Al
A= mAlg] FEo] 24 A8 AL
AT o|HF A BF EE FTE F
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Figure 4. The particle size distribution of each processing
method.

Tikal

Tikal

Figure 5. Ti mapping photograph analyzed by EDS applying
each processing method (A: conventional method, B: air jet
mill method).

3.3. Air Jet mill 22| PSA 2! EDS EA

Y AE EYE 7S FA Y air jet mill 3HL
Z A Z3 ARl e 4 B BEAPSA)F Ti ¢
RIS S8l oA B4 74
& &8t A3 71E 3R AxT AR
O] Het A2 oF 7.9 umo|™, air jet mill ZHLOE A
23 AsE % 63 umZ A= AKFigure 4). 18]
AL, Ti 24 =S #4938 EDS A3l A 71E A
BT} air jet mill PO AT A I} BTF ] S5
3 B HoES 3018kl th(Figure 5). ©]& air
jet mill 30| 7]& FA0l Hls| B} ] 22 YAES

&0 BXE

Aol 4= o FE ¢3S & T A
34, 7AR22o| LL ¥ sCG Y &2 AH

AR He P70l e WA PSSl
skl HZ J7AQ 12.6 umZE AASIHE T WA =
=3 ARS FEAITI7] SEiA AR LL 3%
SCGo.2 54 28 Attt 28 Hl&o mE &
T A A sk SRk, AR A
w7t A 2z fAde] JrkE F8 Sdsit

thatabadEss| A, A 438 A 1 &, 2017
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Table 2. The Kinetic Friction Force and Physical Properties of
Pressed Powder Containing Sericite Coated with LL and SCG

A B C D

LL: SCG 3542 3743 38-42 3946
Kinetic friction index 0.9 0.6 0.7 0.6
Maximum load (N) 1.2 0.9 1.0 1.0
Skin affinity 4.2 4.5 3.7 3.6

Figure 6. The SEM photographs of various PMMA used for
experiment.

(Table 2). F2H3 H7toA S8 HIME Wk, &
T b A7) 0602 Gl HU) kFo] 0,92 A
UEehd LL: SCGE] HI&2? 1:52 AA3te] A7) AF
WrgollA e HHUE I8 A3t

3.5. PMMAZ] =M H MY HE 2
AR B YA Zoets B4R wel W2
I e do] gk 7S Atk mEtA
-2 Hmono-dispersed)
ot Ay P kg
ZF PMMAS] 44 Feff Bl 225 §
1215} th(Figure 6). PMMA 4%<
Agste] #4F AR wE FwkE
Figure 79 YERSITE AlE A%F D2
TEE7}F opyz} vt FEiE M
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Table 3. The Physical Properties and Spreadability of Pressed
Powder Containing the Different Kinds of Silicone Powder

Foll thg A 67

0;

Table 4. The Physical Properties and Spreadability of Pressed
Powder Containing the Different Kinds of Oil Binder

Control DVDCSI VDMSC DDVDDSC HP PICSBDD DHHH

Hardness 25-34 13-16 15-18 16-19 Hardness 25-29 18-24 13-18
Drop test (times) 3 1 1 2 Drop test (times) 3 3 2
Spreadability 3.5 3.6 38 42 Greasing Observed No No
Spreadability 3.6 4.0 38

2.000

LoaD (N

1800

1.600

1400

1.200

1.000

0.800

0.600

0.400

0.200

0.000
000 250 5.00 7.50 10.00 12.50 15.00 17.50 2000 2250 25.00
ISP [men]

Figure 7. The kinetic friction force of the pressed powder
applying the different kinds of PMMA.

FAsE AR Bl 9 AdE Bt mEbA
PMMAS| ©Z4t FEIE 2l Sl= ASE H&3l=
o, doid o FrpEy A7 W oz gl

Atk o= AR A BEE Zte 7Y

=
b 1e

3.6. M2 7 Exlof T2 orEd 2 M FIt
A 4 A TR/ o2 Y8t 84T A=
L FRIEAT HEE 7 BEAE ZHxE 9
to] oA FEgS FE 24 9 shuolt) uet
A, Y A do] Db 7] W&
of AelE 74 A TFe Mde] 38T 4 ok
A 74 e TR e TP 39T
/4 A3E Table 30 JERSITE £ AFdA ALE
# AgE 74 4+ DVDCSI, VDMSC, DDVDDSC
S AHgskgth A9 A3 DVDCSI®F VDMSCE 2 &
e ve= *} Aol 13] kHo 2 AF EFA

o
3
oo
o
2
bl
[}
0
>4

rUO

FFoly AEE oF 13-18 FFOZ uj$ BA =3
H A 8} A P DDVDDSCE A &3 Alss FA
AEE gAY, 95 kAL 23] =02 F9l
Atk

37. O|AH 2 BF0 M2 oFYN L URY It
ZH2E G A JEHoE AP S st A
317] wEel 2 viRItE ARESth 2 viite
TE AYT Y, d2H 24, B3l 2 5ol
T2 AMSETE B AFoAe dEE 2¥ Holx
E(paste state)2] A ~E U 3FLS 2 -83le] oA
I WRE AR ST AR 2
HPPICSBDD, DHHHo|t}h. & HRRIT] o] e 2.5%
A&k, Gt AR A= 5o AHE Table 4
o YERSITE HPE 83 Al5o e 8ol &
ol MAEAL HHA It A e FUHE wk
t}. PICSBDD®} DHHHE #-8-3F A ollA= 1go]A
Qe BFEHA R AP A=E FAAsIATh
9ot ¢+ 9] 7-9-ol= DHHHE 283 AlRelA=
Bt 23| 2 SAF o] tha BRI <+ |t} PICSBDD
Ag&ee o, I8t A A A= FA L Y

X 7k A WA A 7t B9k

0 mlru
(o5

4.4 B

B A= 712 kAl I o) obd air jet
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T T AT 18 AR HiE YA S Ze
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