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AA ... Synthesis of superparamagnetic nanocomposite
BB ... Generation of nuclei

CC ... Growth

DD ... TSC or PEG-diacid

EE ... Nanocrystals stabilized by negative charge

FF ... Interaction among nanocrystals

GG ... Surface tension

HH ... Electrostatic repulsion

II'... Aggregation

JJ ... Superparamagnetic nanocomposites

(57) Abstract: The present invention relates to a method for producing a superparamagnetic nanocomposite and a superparamagnetic
nanocomposite produced using same, and specifically, to a method for producing a superparamagnetic nanocomposite capable of be-
ing used for the purpose of magnetic separation for detecting a biological target substance, and a superparamagnetic nanocomposite
produced using same. The method for producing a superparamagnetic nanocomposite, according to the present invention, may enable
a superparamagnetic nanocomposite having excellent properties such as an even size and particle size distribution, a high degree of
aqueous solution dispersibility, a maintained degree of superparamagnetism and a high degree of magnetization to be mass-produced
at a high yield, without undergoing a complicated process and at a high speed compared to conventional methods for producing a
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magnetic nanoparticle for magnetic separation, and the superparamagnetic nanocomposite produced by the method maintains a degree
of superparamagnetism and has a high degree of magnetization.

[e]

N
_—
2

ot S
Y
ox 2

(57) £FA: £ HP S 24AA Yeg5gA Y Axayy 4
TFAGoR A 4 B4

ste] Az 24AA YeEgale] @3t Ao}, B iy
A =Y AL A 2 o
=L gl BALAS JhAH
A2 5 A2, 47 W ol ) Alzd 28R ST A

ofl' ofo
oX, it

o,
R

e

2L Hop 9

i 2% o

N
S
X &2 o2

fr R
=

tlo o
i H

Ko il

: B
o
)
ox
tlo
Jo
N
.
i
o
>
oty
¢
i
% gy

Bu
o
X
o,

ol
L

r



WO 2018/034464 PCT/KR2017/008740

[1]

[2]

[3]

[4]

3 A A
ol WA 2R Y =E3HA 9] Az 9 o] & 0] &3l
AzE 24A Je g gA
7| & &k
ok & 2 A U3k o] Al 2 o] 2 o] gate] Alzd 2
U2 Ao g3t Ao TAHoR AA B4 B2 A5 240 7h53
2] U3 o] Az 2 o] 2 o] gato] Alzd 2
Ui 23k of] ¥k Ao},
v 4 7 &
2w el A

2 wh, AleF 7l 5 o of st B Al wf st o] ool A %A

ulo] @ k7 (biomarker) 9} -2 A A HALE LA ERE HEstal e W 9
Mk& w9 F QA oA A AL Aot 7R ARbA e ' = A 2ol whet
gF91-8FA] W< HE-E-(antigen-antibody immune reaction), DNA =/ 3}(DNA
hybridization) %= 58 A WF-&-(receptor reaction) & 7§
o] Al o] (binding assay)”7} € 2] AF8 ¥ a1 a1, T4 F-2}of| T
74 7Fs et A &2 vl 5= 421 S 3 &2 (signal transducer)©ll €] 3l 34
i AH(target molecule) 2] &A1& gl

ol gt A3t Hb-g ol M ofel| A K=& o] 83 A4 Y= A 71 HE - 2] (magnetic
nanoparticle mediated isolation) 7] %2 ] | 74| BE T H| 14 22 E9|

A A FA ORI T A WA FAT 553} 5ho] ol d

%A (positive isolation), H=3= H| 34 w25 9] A 7 (negative isolation)E &3],

o Ale) o] T3}, T Ao o)A, W, oA 4, aLd: th-& % A g (high

throughput screening), 2= A Y 9] 7154 (scalability) & <] ©] & A& o).
A4t =g A 7 HE #8712 14 BAke) 5ol 43E 3Fi= g1 (ligand)

& AApell A gstar, 9t Bl gfgte Bl o] 14 A 2l B

, 9 A& o] 88 A ARkl Jel o] #pA ol whet X8 f T, o w34

A & F(sensing platform) &2 A A A= (1) HE 89 ol <&

r

m 2L o

o] 2 B2 2 HE 9] v] & 0] 4 & ZH(non-specific adsorption)& # A&} &
o shan, i cheF e A3H1 4 27 0 2 e Folm 1A YL 4 &
T ook st (iii) A A 7HA] #5719 T A el &olafof gt

H] 324 (non-fouling) 2] -8+ A 7| H (bio-interface) E 7F+] 7] ¢ sl 4] &
%1974 (hydrophilicity) 7} 5 d (neutral) < = 31, 542 3 58 Al (hydrogen bond
acceptors) = L3t &= EA] S 71X 3= Zlo] £t} o] 2] 3 E-4 S ¢4,

¥ 2 SHPEGylation), =, YA+ H ol A A3 aLwtAke] sl
poly(ethylene glycol) 2 H B 3}= A& & A 7FA] 71 A &4 <1 v -2k
AARA ] Yie ARES T ARRI = 37EA] W o 2 o AT A w sk &2

Y32 oMo e

o 2 J



WO 2018/034464 PCT/KR2017/008740

[5]

[6]

[7]

[8]

[9]

[10]

[11]

PEG &= ?lol A7& 23155 hshn, fAe] v 5ol A 35 FolaL,
FEAE molE

WA Ee A4 £ 24 452 A9 A7) Yelol HHow e &

SR TR AAA B ME SRR, FAY A7 ’
& £ BAAS T, 23 FAGD B ASEE A=
S8 540 2 BB Ao R B YEsIG
ke o AL & A

Hlell 21

HA A

w2 FATA, S, b
3t Gl A &3k E 8
nher A 8k A = 200 °C9] £ 5, 2

Al L B = E3stE bl ]
2150 ~ 300°C, ¥} g2 8} A 3= 200 ~ 240°C, T
1.

o]
el ek Feje) 2 e ada g gshs e 2 g

ZAAA Y584 & B8t 94 E 236 24 A8 B A=
Az 8= WS AlF gkt

Bk o] whE 24 Y383 & Al Z 5k Wl oA, ] Feld
A YB3 A& SA S E A F sk 9AlE o 28T 5 T
Bodbgo] whE 24 Y5832 5 Al x5k W ol oA, 4]
HAAT A= A3

1= 93 H 8423} B (FeCL-6H,0), 9 321D, & A AR EHE(ID),
AztE @ 2 A2 T3 E(Fe(NOs)»9H,0) & o] Fo] 1 o] A A el=l <=
At vrgA s Al = A7 AA T A= 93 S 53 (FeCl-6H,0), 9 3HE D),
AstEAFstEAD) B A3HEUDE o] Fol %] el A A EE 4= 9151 ¢
vk 2 &A= 9 3 S 3 (FeCly-6H,0) Y = At

X,

H ko] w2 A U E3A B A 2= Aol oA, Y] S
SR Ze)s o] ol eal Zels So) ol elql Zela e Eek o el el
Zggdd g2 A ER o] Fo] A oA AeE 4= 9lo) ufE A s =
A7) Sz o Egl Fe) 2 4 9l

ool whE 234 vhe B A2 Al 2sks el oiAl, 4]

OFA 3l A= T2 A 7] E 7R = e 5 9



WO 2018/034464 PCT/KR2017/008740

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

w

=2

g ol whE g A Wi oA & Al 28k el /el A,
A= Ed] v s A EY 0l E Y so] e o] E (HOC(COONa)(CH,
COONa),-2H,0; C¢HsNa;0, 3 -2 500 W #] 50,000, vl 3} Al = 224 2000
WA 8000, B whet = shAl= EAHEF 20009] Y7 A el €Al SR
o Fofxl wtel| A A EfE 4= Sl
< g °ﬂ e 2 A YemAE Al xzshs el
atw opAE Ol E, v ol A ™ol E, &
A H o] E& OITOM woll A AE = = 9l vl
= ot ofAlH ol EA 4= 3
of b2 2/ AH Urltﬂﬂx%P Alzzshiz el oA, A Al e
110 WA 1:3009] & v, vhA ebAls= 1:40 A 1 :2004 EHER
A
°l wPE A Y=g A E Al sz Wl Lo, A of
[3= 1:0.0000013 WA 1:12] & 8] &, v}&-28}A5= 1:0.0000013 WA 1
|82 294 5=
e 24 Wi S A & Az sk Wl flol A, A A 2
P1WA 1:209] = HlE, A A= 13 WA 1 154 = H&, Y
T 1T WA L 159 = R 29 g 9l
E A U B34 & A x5 u]—mq 0101/\1 A} 7]
G, B, W Eg, oA B, A g}, ol Extel €, o B 2,
ek, s E, A ER, Y HE R 2R o] Fol

oki rie

m%r

=

O

ot o ot
r{o l..]j r{o
i

o F

re
o rlr

o ofo
d =2
ol n gt ol 2 o

]

rie
oE _w —

o
<o T
o0 o

_>¢

iz |

Lo

ri
o o
iwém

=
rie

uy
(m ox
o F2 oE o i o

o 7

I
[l
4

=

M
2
MmS&nﬂrﬂﬁﬂmiﬁﬁﬂﬂmm%i@iﬂmﬂ&ﬁién&
4
)

xS
nt

rie

2
2ot
tz )

BN

o>

%

T

28

i

Lo
i)

Lol
%

O.>L o4, r_>|:
o BN
Q‘L
il
o AL g
Q‘L
rir
T o
N
rir

o

M

i

Mz oox

&

EL

Siid

oo
N

0%
<2,
A
0%
N
ol
X,
it}
BN

ox rir
2
oX,

oo X

[
N
o,

lo
°
ofo
ol
£

vo O
i
o

(o M
o}

o L
ul
X
o,
ol
ul

ad

=)
ok T

O
ol

-

2
)
o
i

ol
-

i
by
il
Mr

oo mx» W
ad
z,

>
g & 2
4 24
o ox
U ¢

—iox op

rhe
2
b

ox ol Rl M
o
__>‘~1_LI

0%

<

R = R I
1_:

It

oX,

= |

{2 op
X X
HEWE

lo
2
N7
=
o 2

i 2

SN il

o Mz i
P‘L
1

SO Y

b
b

42 oMl = TR
oAz

St oo 2o
o3
——\;Qi
o

gy =

>

f}rﬂ s

=

e

o
ot

il

[l

ke

i

o

(r
i
=t
e
¥
[
)
Y
o
¥
>
g
[m :
piru =
°
pill
i
i
2
r
)
e
N
s
Ir

Oom 2% ge B

S
SuA

ol
-

]_
AH s a2
ol v 33] A 8}z

AP 55 g3zl o

oto
ot
m ‘W
%2
°
0%
N

[‘N
o
o

m

= g
%2
2

ﬁﬂjé
ﬂﬁr#
o
2 7



A

8

1
S

o
1=

PCT/KR2017/008740

A G R A H s B =

=738 2 Al H = GAE

=

=

d

+x

G2 A e dAl=

S v = A 8=

=

=

=

=

i ;*q]
i ;*q]

WO 2018/034464

Fol 213

o

27

o]

A5

12}, 2

AE

=
=

o

N
—_
o

e

(- oo

200 nm

}

5

T .

XJ
=
T

af

)

Hi

5

=

2} =]

ahof A

S
=

2

°]-8

=

=

g

2

[e}

o etE B2 A AT RN, HE AxH FFAA
150 nm W A] 400nm ¢ 8}

o+ 3hA €] 72 84 ¥l ] E(CO0) 7]l ¢

T

[22]
[23]

ok

-

—

Z] 350 nm 2

44

3wl

RS

)

200 nm WA] 350 nm¥ 4=

T .

d 0] E(CO0) 7]l <]

Hi

5

&
=

=
Al

2} =]

shel 474 7HA 3 e

150 nm W #] 400nm ©] 1}

5

T .

T

Hi

0

2} =]
2]

100 nm W A] 450 nm?
jmj

ATt
023 10nm ©]

u

[25]
[26]



WO 2018/034464 PCT/KR2017/008740

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]
[35]

[36]
[37]
[38]

5

A A i A g EIe, m g )] A v A gl
A% o] 217 0] 100 nm WA] 450 nmS] Y =F & 2~E 3 H FEE 7FH
G Ao A FabE = A5 E 7 ATk Y] 28R Y B A=
74 o] up& A 8} A = 150 nm WA] 400nm<! Y i-Fe] e sk g o

2}

2

023} 10nm ©]8}e] 2785 741 3= Fe,0,4 7 At

- wg .8 023 10nm ©]3F2] A& 7HX] AL FFE 5 A o] E(CO0) 7]l 2] &
o] ebA 3HE Fe 0,9 A Y Ag] 2ehg 288, 55 79 A Y e
Aol S o] 27 0] 100 nm WA 450 nmQ] Y x=Ee| 2 FEHE

&7 A dets A= 7 o) vk A &A1= 150 nm W A] 400nm <]
Ui E e 2 E skl ) T vkEA 8= 200 nm WA] 350 nm?)
UreEd A3 g 5 ol

TEEE

mlI.

rle

to o Jm 24 mi L opk
ol

o 2
k<)

it

B

0%

>
oX,
L

L

ujii
i

o rk
4y 2

do 2
o
1
-|>i'

B
rlo
_|>i
)

>

o M
)
X
rir
o
N
e
Jm ©
oX,
o
H‘jt [
o
_|>i
oX,

i o
rlo

>
©
X
BN
ol
o2
=
<

£l
e,
%
W
N
i}
AT
e
il
N
N
>
I3

o
il :10
A
Ot
o

e
B 2
ol
lo M —

2,

2

e O ox M oox
0%
2
ox
o

s PR i DU F &)
o E?l_,{' E?l_,{' o

Fr
ne)

o 1o
A o
L Y
N
1 A
ol &

H

AAJel) 1R 20l whE A4t S e Gee] 2AAA
12 0.5, 24414 AF8E U3 A) o] Al w2 ek

o ¢
~ H“
e
ot
<

52 A 1R AN 29 23 DRSS FAAA AR o2

38 A 12 wBEA 9 27] 54 AE vhebdl Rol o
5 432 A 19] 244 the B g o] AR 24 AuhE e
Zolel.
53 Ao 29) ZAAA LB g A] 27] 574 A4S ekl Aol o).
% 6 A o) 29] 24AA Lhe B g o] AR 54 AuhE e
Zolt}
w7e AN 19 24 BB ea e A4 59 F0E ek gloln
5 82 WA o) 29] ZAAA Lhe B A ] AN 2 AohE hebdl Aol )
S01 YT 2 A T FrARIG EHY 234 B,



WO 2018/034464 PCT/KR2017/008740

[39]

[40]

[41]

[42]

[43]
[44]
[45]

[46]
[47]
[48]

[49]

o] B A8k Al A g gt Z1efu 8]
Aoz, & 82 5] AAld 5l

kol A 2 A L B g A2 S LhenlE] 50 23 100m ©] 3]
A74e A9l el A A b S 2go] 2ol sEle] Yy
o113} 51 100 4] 450 vhr] €] 5391 344 Q1A kA s 150 TR

H
400 vhv] B 51, U kA 3 = 200 WA 350 Ll B o] A QA4S

O T U= 15~ 25°CE |t} o) o] F k<= Al o] of T}, =, ¥ 9]
AA L BA o b} 1 o]} i o)A S EL E

FZAAAL 2, A 718 & o] &3] Ao
T U= Aol g, 24 g
AU = AE 878k TR E-ofell ARge 4= 9)

Fzxd 1 Als )

olol A & & &o] = N ALslo] =g o] E (FeCly-6H,0, ACS reagent, 97%,
MW=270.30), E&] -4 T] & A E g o] E t]s}o] =g o] E (HOC(COONa)(CH,
COONa),- 2H,0; C¢HsNa, 05, 99%, MW= 294.10), At = oA H o] E
o &}o] =] 2 (C,H;NaO,, MW= 82.03), ol & &l &8] & A 3}o] =& 22(C,H0,,
99.8%, MW= 62.07):= Sigma-AldrichAH(St. Louis, MO, USA)Z 1 5} &1,

U 74 Z (ol € 9l = 2] F)(PEG-diacid; polyethylene glycol
diacid)(COOH-PEG-COOH, MW= 2000):= Jenkem TechnologyAH(Beijing,
China) 2B 438}t & 9] Bl (nanopure H,0; >18.0 MQ) Milli-Q water

purification A| =8l © & A A &} ¢l v},

AN 1 Z2AAA sk o] A2 Wk
Aol 19 A e S8 28 o 23 Y Sd A GA A o2,
2 sk Y53 A= = 10l =AE HH o R A E A
FeCl;-6H,0 1.08 g (0.1 M, 3.996 mmol)2 40 mL2] o & &l Z-&] Fo Ho]ar,
3057 SLHEA] T} 0] 3 0.8 £ (0.034 M, 2.720 mmol) 2] E#] -4t
A E g o] E t]s}o] = ¢ o] E(Tri-sodium citrate dehydrate; TSC)E 771 L HEA] 71
E3E ol H7hek H A 1A1ZE 2900 rpm ] & E WHEA Z T
Ega- v AEgo)EV A3 58 AS 82 3 F 24 ¢(0.731 M, 58.515
93\

mmol) 9] AT % ol A Ho| EE EF &0l H7tat



WO 2018/034464 PCT/KR2017/008740

[50]

[51]
[52]

[53]
[54]
[55]

[56]

[57]

7
£ 52 WHIATA 9 o] F WA ] E3HE 2 d A HEE FH
(Teflon tube)oﬂ chokar, Aol E A 2 8]0 A A WEAT Z A
kAl 7] o)) Hlo] AFL-o| A 200°C7HA] B 7°C £ 2 52 A1 A 20000

A A 71“3_*1 Al
= 1 X

ZEW A 124 3F 8RS AR o H a1 2 5200°0)0] =g &
15-5 34 TErJiLlH 2.

Wi elel e 1517

o A 7] HbeS =3 Al E A EL A=

ol
T, A YA OmL/] o BFg-ol| ] 53], Ero] 2
AAB I, B T AZ=AA 2 B3 A2 A 25 A A

S AYEHL EH AA B

“(deionized water)°l| 4 53]

o1 H
E A2 Yl Y (Neodymium) & 7- A4 o] MZ& &85 aL, YAE FobA
e A o 4R Pesth FAE G AT
ey fed 5 o

% 1o YER vhe) o], E] A AT R A E o] E Y] lo] Ed o] E F-2}9
FF2 EA G o] E(COO) 71°l 93l o] SHH 3K, Ed] AT A EYolE

i=

shol = go] £ HAhe] 7h= 54 0] £(CO0) 7] 9 Fe-OH 1+e] 51814

& ZF(chemisorbing, anchoring)) ¥ A Y= A 28, 5, AHE A Y

=1 2] Z~¥(magnetite nanocrystal)E ©] P ¥ 11, EE] A-AT 2 A Edo|E

slol =0 E H-2te] 7= 54w o] E(CO0) 7ol ol YAk= e Hst=E 84
HEdk(electrostatic repulsion)-S- A 5ho] ebd sl ). b A4 Y e A2l 2o
2 BH oHYAE Fo]7] el AR FHEE TR T Ho] A9
S5HA H=), A7) A dbda 3R ol 1 S el wds A7) 9
SR WA 7F @ | A

B X d

AA A 2. Ak v Sh A o] Al HEY

A 19 A v Sl 2 FE o] 2AAA U A A A 2=,
FA AP Y5 A= 1o EAE e R %L ERIAe

FeCl;-6H,0 2.16 g (0.2 M, 7.991 mmol)& 40 mL<] o & &l = 2] &-(Ethylene
glycol)oll %50] 3L, 30+-7F W REA| ZI T}, 0] %, 0.8 g (0.034 M, 2.720 mmol) <]
PEG-diacid(<- A+ % 20004] polyethylene glycol diacid) 0.02g (0.25mM, 0.01mmol) &
"c}ﬂ AHEAIZD 3k o) H7EgE 5 vhA] 1A E F9F alRkA[ZA T PEG-diacid 7}

S &2l 3 F 24 g(0.731 M, 58.515 mmol)2] AT

23 A7FsE AL, ThA] 30383k AHEAA Q0T o]

J%t 2 AL HER ER (Teﬂon tube)ll HekaL, ZH QlH 2

i% %71 off A 8] BB 7 5 = G 7]l Fof Aol A 2000C7HA]

FAIA 71 A A ZE WA 124] F Wh-g-&
]

1
o P47 w ol B



WO 2018/034464 PCT/KR2017/008740

[58]

[59]
[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]
[68]

[69]

8

i
oX

d ¥ A= 30 mLY] o §H-E-ol A 53], Eo]< 4>(deionized water)®l| 4] 53]
1oz, Al E = A2AA A Y=daAE Az o A7) A 231&
%(Neodymlum) j?x}ﬂ o AMF& &ulFil, YAE BolA A5 d e

stoit). S E QA= YA R W o B

I

Ot

o)

| YEb v} Zo], PEG-diacid ¥-#}2] 7F25-2 ¢ o] E(CO0O) 7]l £ &)
A 34(Z;, PEG-diacid ¥-4}2] 7} 252 ¢ o] E(CO0") 7] 2} Fe-OH 712]
& ZF(chemisorbing, anchoring))¥ A Y= A8 28, 5 AFE A Y
2~ e (magnetite nanocrystal)= ©| & 4J ¥| 31, PEG-diacid - A}<]
T2 B2 o) E(COO) 7]l 98] YA}i= &A= A3 dbdk(electrostatic
repulsion)s F/dste] QHE st ¢, A v A A28 & 3
NIAE Fol7] AAA M2 $Y5E $Fo2 BRG] BA ) 285
W=, A7) A s ER e el #E e Bl 2Ad A9 24
=B 7 PR

o T
N fo

ok

-+

;z
O
[l
jiAs
A

ot ke
oo g
O .

E>J£

AR | FAAA YB3 o Ea]3tsls] EA

1-1. AL A A& ¥ 74 (SEM. Scanning Electron Microscope)-& =+ Z AF A} A]

A A A

A7 A e 1R AA G 29 24 U3 A =& FAP AV A (SEM,
Scanning Electron Microscope)(S-4700, Hitachi, Tokyo, Japan)< &3l =7] %
HAS dEella, 1 A%E 20 YER LT

L2 AA e 1R A 29 2 U 3AEE FA
zhegk A2 ek Blol T

5220 vhepd mhef o], ‘Zr/\}ﬁx}?_ﬂ“]ﬁ oju| o A v A ~ee] FHH
TE7FEe 2 o oA WAL, 2] g A5 ke
2 Al el 10] 305.9 +24.7 nm, 2 A <] 27} 241.7 £20.1 nm & ¥+ ¥ & 7H-&
glstint.
2N 1D A 29] 24 Y E A s
18t 4= 9li= vlo} Fo], AR YB3t 5o FX 5 4o A Al 4

= 7

1_]_ = RLS
= H Z}(relative standard deviation)7} 15% ©| W2 Y} 2.+= A
o

e
e
>
r I
=)
ol
o
[l

%

i&
N
S~
=
[-'>~1
N
r.g_t
=)
ol
S~
=
kY
2
X

i

o] Aapr el AAe) 1Y Ao 28] 2AA B g Fol A 7]
2 9% PEE btk A2 8 At
12, A e el S ol Abo] = ¥ ¥ w0l Ale 11 9](Surface

zeta-potential) 2]
AAfel 15 Aol 20 2] YAl 5o Abol =, 5’-< EUJ_ Al et
A= 54 FAke J B4 & o] 8§31 Al EFALo] A (MalvernAl, B-2 ™ Nan

O



WO 2018/034464

[70]

[71]

[72]
[73]

[74]
[75]

[76]

PCT/KR2017/008740

Z8)E o] &3sto] SA 8T

el 13 DA o] 28] ZAE Yi=a A5l B #A S o4
=1 7](hydrodynamic diameter), PDI(polydispersity index) {PDI = (%] %= 2]
TRz e HAah)) 2 19 A E X4—‘?4(Surface zeta-potential) &
A8k o (33] jbE £4), 71 23S 3 1 WA 29k & 3 WA 69
HERH AT

TAA R, F 1R 2= A4 A 1R 298] 2L YeadAE5e] Ht
FrASstA =271, PDI 2 3294 A A9 A3 E Y Aot 532 A Al
19] 23728 g Al el A7) 54 235 Y ZlolH, = 43= A A 4 19]

Kol
=
= O
R

3}
U3 A7)9F g &

ZA B3 A o] At 9 54 A3E YElRd Alolar, & 55 A4 29
ZAA g A e A7) 54 A9E e Aoy, & 62 A Ao 29]
A Y534 o] Aebd 9 4 235 e Slolt),
[3% 1]
T2 37|(nm) PDI M EFE 2/(mV)
11X =73 255.8 0.067 -154
2Xt 54 254.3 0.086 -15.0
EPN =2 252.6 0.066 -15.0
LA 254.2 0.073 -15.1
[3% 2]
Tz 37[(nm) PDI M EFE £/(mV)
11Xt &4 268.7 0.100 +24.3
2K =N 273.1 0.136 +25.7
33Xt &=H 2734 0.077 +26.0
oA 2717 0.104 +25.3
S5 AAlel 12 AAlel 29 2424 Y =53A E2] PDI= 4ol ufe}
-2k o] 0~0.1 vl -§- -3+ WA Al (nearly monodisperse sample), 0.1~0.7
3k ¥ 91 9] B-F-4HMid-range polydisperse), >0.7 3 “}(Sedimentation) = %5k
T A=), Ao 13 AA e 29] PDI k2 0.073 2 0.104%1 8F, 0.1 W] 7 W #] oF
0.1°] e &&= o} ‘OI‘ZF_J R = 7}7<] = A A AT A
ul =i

by ok
il >
Ny
A o
a8 -
ey
to >
ot 2
RS
ot 12
4 PN'
o 2

2 -



WO 2018/034464 PCT/KR2017/008740

[77]

[78]
[79]
[80]

[81]

[82]

[83]

[84]
[85]
[86]
[87]

[88]

10

LS Ao 1 229 AN Y=g AE Aletd A= 247 -15.1mV 2
+25.3 mV ¢4}, +£10-30 mV ¥ 2] A gAY e &l dshi=d], o)== g H 7] 4
2ol ] A YB3 AR50 2 Al Hold =2 Ad
S AR AA o 1 E 29 242 U=EAES 7FE2 54 8 o] E(COO)
710l ol &f et 3lE 0 2, +10-30 mV A 2] AEFA A S 7HA] =8 BAA] o]

—
90
P
o
N
b2y,
I
28
T

<_l>_,{'
é
i
10
N
b2y,
k1
i
_|>~

rle

Xk a® e pE
o, Iy tlo ) o

2
Mot X B R

A 1R A 29] FgAd B AL 23R

S 58 AREE TP AR OE o £ A% 5
& B9 o] S15hel, A5 GAEH 248 o] Sl
.

e 2

W oox

TAHRE ETE =R YHUWRIt 27 R & 82
FA o] 271 o] ¥ 2141 (magnetic hysterisis loop) 2.2, A} &
%7‘3 7534% a2 u=
5= 8ol] YrEbd vkl gho], AAl o] 1 R Aol 29 2R

4#% A = 300K ] 5ol A 24 = el e, Ao 1& 76 emu/g,
AT el 2= 87 emu/g o] E3} 243} 4L YERA AT

ZAAA o] A5 A5 2SS o) vh A o 2 o) - xpAtol] of &) &S
& A5, A SR ol e A dojd = 7] wiidell, A= d &} 71wk
W] 7R Z&e A3 ek el 1o, UREA Q7 Lol A
A A E o] A S FAlekE A& o HaL, 53] o' Ao A A Z
A EgA o] &, @ E|?(single domain)E -2 o9 7] & 24 s} ufe}
AA 23 A3-73 A4 A o] (superpara-ferromagnetism transition) 7} Q4 o o}, B
g o) whE AAle 1 2 Aol 29] 444 Urlt%%iﬂ% A Y
A 222 G A 7 -2 (clustrer) H S0l &, FHE - A2 200~300
nmy gAY E53A 7F AR A o) (ferromagnetism transition) S Y 2 7] A]

8 3L 2/ AHd (superparamagnetism)e 2 4| 85h= A& 8¢l & 5 itk
=

(PO
oX

0%

oo N X

ai

n:nll‘

i

(]

]

o

o] e AAlel] 1R AA ] 28] 2AAAE U= w2
A5 E 7 A7) el g o o] &5 Y] 9% S48 e H e TN AL
sr1e 4 9l

Ao 2. A LJr LetA o 2] dels #A

2-1. A Y EA S o) g8 71 F (Whole blood)oll 4 2] 4 ¥ -*(RBCs,
Red blood cells) 3 % /‘a“ﬁ

A 19 2AAd Ui A o A7) el e s FQl shr] flel, AE d el
Well 4 A7k sk Hd] & S8 sk A e A et

AHd Yie A ago] i F e 2E 3 A o 18] 28R YA 9
FEH) &4 & & A (anti RBC antibody; anti-red blood cell antibody)(Fitzgerald,




WO 2018/034464 PCT/KR2017/008740

[89]

[90]
[91]

[92]
[93]

[94]

11

Human RBC antibody, Cat# 20R-RR006) =
EDC(1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide)/Sulfo-NHS(N-hydroxysulfosu
ccinimide) "j 7} &-F-A T 522 W o= A Atel] @A 7] 5 2 skl $-4d
10 mg/500 uLo] Z/gAHd Wi 5314 Y Aol 10 mg/mL 2] EDC 2} sulfo-NHS 50
uLE gl F, ol A 151t Ao F=30vh 19 H, 1 mge] &4 A2
o] Fa1, Aol A 24 7 & QF 4] o] &= H, PBS(Phosphate-buffered saline)
A (pH 7.4) % 53] Al H & F=3Avh. &H D - A2 75 3hE 2dAA
=534 0.5 mg/ 25 uLe] PBS-¢H5Al(pH 7.4)E 25 uLe] A& A Zof 4lofE
H, 2ol s g = A4 LS st A AR V5 shE
AU=STAE B ARG o5, 2 E A E T dA R V53t
: 3 e w8l BEste] AdTe &
<

(%) & A e, -1

5 9] Lhebud uhs} o], AE AE 3} FHA AT AR /)53 © 2 YA
YR A 7E Aol i A% Fr ARl AT 2444 B
T A5} Fo] 4 0% uh-Saho] & H a1, 9 Aol o] 8 Ag A
o) S5, 2 e R g Alo) o8 EeA B0l A, we Al Aol
et molsl B& elstgich £PE A ATk FA ol D79}
AY 2P RGNS ArlF o2 43 shE, 4TS M)
AR B AT A 0 Ao P A Rih g AgEe) g G4
T3 9 g, HETH R B4R B e B B 422 F5ar)
wFRtol), A F ool Al o]yl A= ATl Fabol HHHA) = AL
CEEEEE RET

g710] 5814 12 B ANE 2 B Ao 48T Rl



WO 2018/034464 PCT/KR2017/008740
12

AT
[ 73 1] HAFA, &, FH A 2 LA E 3k 9,
A7) 23elheE Aol A 23 84S 150 ~ 300°Ce] =5 H 1.5~ 10
vhbar)o] $Fel 1o A 4 A sto] YmEel ~H sk o Ef 9
=R

7252 0] E(CO0) 7190 ol8f o] ot

EeshH, Ha e A Y A o] S E o] Aol

450 nm 91 V=2 e 2 F 5he e 71AH el A RabE =
2 4A L Zh= FAAA Ve Bk A & A 26 W

[81% 2] Aol gholA, 71 e 24 d=sdAE S48 =

I
[%d 73} 3] A1l A, 7] 55z WAl A £3E 8 NS 200 ~ 240°C ]
25 2 1.5~ 6vkbar)9] o 27 A FE A5t YmF e ~E 3 E
Fejo] 2444 =B A& FAsh= 29 24 Y= 53A
Az 8= WY
%73 4] A1kl QAA, 71 AATA)

= 934 573 (FeCly-6H,0),
AN, G AAEEAD, FIE A L A2 P8R (Fe(NOs),
9H,0) & o] Foixl iLOH H e 242 l%lz%%iﬂi Zﬂiﬁ}b WL
[%d -3 5] A1kl Ao A, 7 Z
gl =l &, HE E‘r 1%?& =g & v 22
o] Fo X oA el =4 YB3 AE Az
[iélert‘soL 6] ;q 16]—0] 01}\1 /\1—7 o]-zqg};q]*; Eg]/\ /\1“43 ]Egﬂo]E
t]5}o] = o] E (HOC(COONa)(CH,COONa),-2H,0; CeHsNa,0, & ¥ 2} 5F
500 W] 50,0009] v 754 Z] (ol &l S8l EHE o] Fo] 7 ol A
/K-]EHE] i/\c}x}ﬂ LJFLH%L;q]E ;q]v]_o};: uohﬂé‘
(73 7] Al1gkel] Qo A, 7] FUA = 2] oA E o) E, AT &
ol ol E, 84, AT ZH|o]E W R g oA Ho|ER o] Fo|X]
ol A A e X*JXW W 594 & Al &5k .
g} 8] Ar1grel] oy A, AAFA L} Euli=1:10 WA 1:3002] &= v &2
S E = A = *c}x}*é W 594 & Al &5k .

R
[7d -8} 9] A 16101 OW A A A € P IA = 1:0.0000013 A 1:1 9] &
,TrL

[e]

g1o01 Al 16“)1 OW 4??*1%%%%%]% ;1WA 1:209 282
=35 A }_Q}X}*é Ve B34 & A 26t Wy

[%

[e]



WO 2018/034464 PCT/KR2017/008740
13

9711 A2del oA, A7) FAG = ol g, &, W eE, of A E,
MA G T o}, o} H EALoE, o €] 2, B E}slo]| = 2 F&, =4kl
TABIYER, 3 ﬂﬁiiﬂl%i o] Zo) A ol A MElE 2AFAIA]

1:1
g7& 121 A2l oA, 7] %Elfﬂ A =g A E S-S

RS B SIS o) oke] AHshs G R o) Fol 24AY
R EE EL A

g7 131 A1l oM, 7] 284

FAAA G B8 3 & A £ 5=

(27 14] Aol Axgoes Ax¥=0
e %1ﬂﬂEmD0wﬂ14H£H$ﬂﬂ@ﬂ%ﬂﬁlhziﬂi%%
¥ e, B2 7)o A v Al o] SR H o] 27 0] 100 nm W]
450 nm Q! Hi=E 2 2E 3 e E T FE ol M Ak =
2548 7= 2 AFAA] L+L_H6]-xﬂ

(3473} 15] A48 o)A, A7 A Ve ) A8 053 10nm ©) 8] A H &
7]-;<] Fe 0,91 Z2AFAA] v B3k,

473 16] 023 10nm ©|8he] 228 74X 31 7k =828 0] E(COo0) 719l 23
JﬁﬂﬂwﬂﬂF%L]4”4L3ﬂ*%%gadﬁffrﬂﬂ4@
U e ~go] ZF E o] 27 0] 100 nm W A] 450 nm<!
2ol 2e e YU S ThA ) g olo) A BAE = AR 2k
A R,



PCT/KR2017/008740

WO 2018/034464

1/6

ERA Elck®

L Pt

EROE

s~
572 B~I2E T BYIRETH
b g EGITE
: Olvs
QO BRRS  ep-03d
00 =z
DI © and C — 00O —
5 o o O s iX¥ Fr
[ =



WO 2018/034464 PCT/KR2017/008740

2A0 1 2A0] 2

[5=3]

M|Z]| (Percent)

£ 6000007
3 500000}
= 400000}
S 300000}
1] 2000001
oH 100000}

™~ L

w




WO 2018/034464 PCT/KR2017/008740
3/6
[5=5]
AU: 2L
= 20T
T
o "7
& 10t
I S e A S
0 s s —= - {
0.1 1 10 100 1000 10000
37| (d.nm)
—mmeeee- Record 1: L-X-38 bare(PEG 2000) 1
Record 2: L-X-38 bare(PEG 2000) 2
Record 3: L-X-38_bare(PEG 2000) 3
FIG. 5
[5=6]
— ME MY 2
4000007
8 1
3000007 - s
[o 1 : : \ : :
B200000f
é”élOOOOO-»JL fffff '\\ ffffffffffffff
ﬁl\_ O ‘ " ‘ s “\ " ‘ i
ko -100 0 100 200

MEF H 2 (mV)

meeeeeee Record 4: L-X-38 bare(PEG 2000) 1
Record 5: L-X-38_bare(PEG 2000) 2
Record 6: L-X-38_bare(PEG 2000) 3

FIG. 6



PCT/KR2017/008740

4/6

WO 2018/034464

[ "SI

|OW|

09-

|O._V|
|ON|
(®0) Izl &lzdy

oom_uom ooﬁ_vow oom_VOm

Oom_vov oom_uom OOA_VON Oohwo._” 0 OOO_O._T OOO_ON| OOO_Om| ooo_ov. OOO_Om| OOO_O©| OOO_ON-
! ! ! ! ! ! ! _ ! ! ! ! _ !

—0¢

—0v

—09

—08

(B/nwis) {a{y

b/nws 9/



PCT/KR2017/008740

WO 2018/034464

6

~

5

(®0) lcly £lzdx

ooﬁ_vom

ooﬁ_vow ooﬁ_vom_
| |

o£o¢

ooﬁ_vomm

ooﬁ_vom

ooﬁ_VOH

8

OT- ooo_om- ooo_0m- ooo_ovr ooo_om_- ooo_ow- ooo_om-
| | | |

6/nwsa /g

(B6/nws) {aiy



WO 2018/034464 PCT/KR2017/008740
6/6

FIG. 9




INTERNATIONAL SEARCH REPORT

International application No.

PCT/KRI017/008740

A.  CLASSIFICATION OF SUBJECT MATTER

HOIF 41/02{2006.01 , HOIF 1/20¢2006.01)i, BS2E 1/60¢2060.01), BE2E 3/60(2005.6i 1k

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIF 41/02, HOIF 1/11; BR2Y 40/00; B82ZB 3/00; C01G 49/02; B22F 1/00; B22F 9/24. HOIF 1/20;, B82B 1/00

Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & Keywords: maguetic, magnet, ferrite, magnet, ivon, nano, hydrothermal, pressure

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A
See claim § and figore |

TECHNQGLOGY) I3 Apnil 2012
See claim 8 aund figure 1.

See paragraphs [0020]-{0026} and figure 1.

See paragraphs [0042}-]0045} and figure 1.

A
30 Aprl 2010
See the entire docnment.

KR 10-2014-0122223 A (GOSHEN BIO BEAD CORP.) 17 October 2014

KR 10-2612-0035013 A (COREA RESEARCH INSTITUTE OF CHEMICAL

KR 10-2012-0317556 A (NATHONAL CANCER CENTER) 29 February 2612

A KR 10-2012-0128050 A (GANGNEUNG-WONJU NATIONAL UNIVERSITY
INDUSTRY ACADEMY COOPERATION GROUFP) 26 November 2812

KR 10-2010-0044432 A (SOCANG UNIVERSITY RESEARCH FOUNDATION)

i-i6

Further documents are listed in the continuation of Box C.

L]

E See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“B”  earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason {as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

20 NOVEMBER 2017 (20.11.2017)

Date of mailing of the international search report

20 NOVEMBER 2017 (20.11.2017)

Name and mailing address of the ISA/KR

Korean Intellectual Fropesty Office

Government Complex-Dagjeon, 189 Seonsa-ro, Dacjeon 302-701,
Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/RR2017/008740

Patent document Publication Patent famuly Publication
cited in search report date member date
KR 10-2014-0122223 A 17/10/2014 KR 10-1516345 Bi 04/05/2015
WO 2014142378 Al 18/09/2014
KR 10-2012-0035013 A 13/04/2012 KR 10-1253765 Bi 12/04/2013
KR 10-2012-0017556 A 29/02/2012 JP 2012-044130 A 01/03/2012
KR 10-1244140 B1 14/03/2013
Us 2012-0045389 A1 23/02/2012
KR 10-2012-0128050 A 26/11/2012 KR 10-1227060 Bi 28/01/2013
KR 10-2010-0044432 A 30/04/2010 KR 10-1064353 B1 14/08/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




FAZLANL
S A ZALR A PCT/KR2017/008740

A. e o] &8t 7| E R F(FA S EFAPC))
HO1F 41/02(2006.01)i, HO1F 1/20(2006.01)i, B82B 1/00(2006.01)i, B82B 3/00(2006.01)i

B.  EAE 2o}
A H AT -AEA S ST E 1A
HOTF 41/02; HOIF 1/11; B82Y 40/00: B82B 3/00; CO1G 49/02; B22F 1/00; B22F 9/24; HOIF 1/20: B82B 1/00

Z b ] Eopel] Sek A 2% o190 9
FRERUBANNTR W FFFAUBANGTR: B H 2| /) AE 1P
dRTHHSNGTR W dRTALSNGTR: A Hawdwe] sAE 16

A A o] B Ak o] B o] 2t o] o] o] WA B A M o)l T8k )

il

eKOMPASS(53817 wlf- AMAI=®) & 719l =: A, A4, FgtelE, nfadE, 3, v, $94, &Y

c. IEEH
7l aLe]* AerdE L AA FHEID e = A5 71 A e A3
A KR 10-2014-0122223 A (3LAlvfo] @B = A3 AL 2014.10.17 1-16
A7 12 =9 1 F=,
A KR 10-2012-0035013 A (¥r=rs}etal¢1) 2012.04.13 1-16
A1ed 8 2 =9 1 3z
A KR 10-2012-0017556 A (= <AlE]) 2012.02.29 1-16
w2k [0020]-[0026] % = 1 #=.
A KR 10-2012-0128050 A (AEHuigtwatelyd #yh) 2012.11.26 1-16
w2t [0042]-[0045] 2 = 1 #=.
A KR 10-2010-0044432 A (A Zdigrwatergd &) 2010.04.30 1-16
A gz,
F7F F3 o] C(AISH ol 71 A= o dsH ﬁ Ul-S-535] o] B AR E A2 L.
7 ZASLY EBE $AY o FoE B o 95 ASelR
oz melz g erEe gola ey B WRAVIEA AL Aef e elsish] dlel <l g
73
R RS TR AT o cuagan 9o ra gu s sppes 279 wag 4
e e T mE= ARl gls Aow 2}
=RH =2 dagde] 3y . o .
1%}% T A)E Ul 6]]:];] ggﬁq g;go%ﬁz Y SEd Aol g B s el sh o] e g F3d
Z2gshe 292 1 23ke] Fedxjel A A E A e 0w
L AR o] §le Ao B

A AR 3LA] g
20.11.2017) 20171 119 209 (20.11.2017)

EN AL

Al HT AR 189, o) 5%
EREE RS

AN 5 +82-42-481-8163

M~ G +82-42-481-8578
A2 PCT/ISA210 (7 A §3]) (2015 1€




Z A 2 A
e

FAZLANL
PCT/KR2017/008740

A 2 1 54 0] A

Jed 53l

2
olo
Jn
id
4
re

of
=5
e,

KR 10-2014-0122223 A

KR 10-2012-0035013 A

KR 10-2012-0017556 A

KR 10-2012-0128050 A

KR 10-2010-0044432 A

2014/10/17

2012/04/13

2012/02/29

2012/11/26

2010/04/30

KR 10-1516345 Bl
WO 2014-142378 Al

KR 10-1253765 Bl
JP 2012-044130 A
KR 10-1244140 Bl
US 2012-0045399 Al
KR 10-1227090 Bl

KR 10-1064353 Bl

2015/05/04
2014/09/18

2013/04/12
2012/03/01
2013/03/14
2012/02/23
2013/01/28

2011/09/14

X2 PCT/ISA/210 (T]-3- 53] 5-718-4]) (20154 19




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

