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e ¢ B ZHE MO:GES

AA ... Deteriorated MOF
BB ... HCI or HNO3

C€C ... DMF or DEF

DD ... Internal base generation (in situ route)
EE ... External base addition (ex sitw route)
FF ... Micro-sized MOF crystals

GG .. Nano-sized MOF crystals

HH ... Metal

II.. Ligand

(57) Abstract: The present invention relates to a meth-
od for simply and efficiently regenerating a metal-or-
ganic framework (MOF), which has porosity damaged
by water or the like, through acid-base treatment,
wherein the method comprises the steps of: treating a
damaged metal-organic framework with an acid; and re-
generating the acid-treated metal-organic framework
through an amide treatment or a base treatment. Ac-
cording to the method, the damaged metal-organic
framework can be used for regeneration by being
simply dissolved in a strong acid; the pH of a solution
can be adjusted by forming an internal base and adding
an external base; and the regenerating yield is excellent.
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thetgel 2 & Aok, o9 22 AZEL F WG EA

SR
e A4 HY3 Any T4 WgTo 228 + Uk

o

T, F712 &4E HKUST-1E 4 9d A A 7ol
Bt (Majano, G. et al., Adv. Func. Mater. 2014, 24, 3855-3865 Z+%).
A7) 71edd BEE, JdaL X2 A 8-S (fixed bed reactor) Wol Y=
&9 HKUST-19] o34 & 9%7HA] BEF38ta glov, B2 vl &4o] LA
Brole s MwozE FEG Ao Ay A7 .

wEF, HKUST-1&  7IAIEEHH "o o3 weA AAste  7]&0]
SR X, Sun et al., Chem. Commun. 2015, 51, 10835-10838 =), o]<}
22 A od) 3lEE A, BET vEWHo] fujd wgol g8 A=
2 F-9] HKUST-1° ohwlshed ohef 60%ol &t @AI7F 9ot

2
kl

[71&2 s Z24H]
A7 - met, B 49 (1) 4" F5-77] FZ A (metal-organic

framework: MOF)E Ato g Hests v 2 (2) A7 A A" FE-47)
7
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07 BAAE WeEBE AREd ke £S5z AN R



WO 2017/010771 PCT/KR2016/007510

T 2a= {ARAIZ 9 MOF-5, &AFE MOF-5 9 Al A= MOF-52] PXRD(Powder
MOF-5, £Ar=l MOF-5
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2 A E MOF-59 d4 F3 5248 Yerdg.

T 3% (a) %714} HKUST-1(Basolite C300), (b) £4+® HKUST-1, (c)
A i Aoz RE AAAE HKUST-1, 2 (d) |4 &/ fdo=zRE AAH
HKUST-19] SEM olw|A| & Hebd Aot}
da= Z7)AHE] HKUST-1, 2 HCI : NaOH = 1:0.75, 1:1 % 1:1.259]
Hlgo] fon ztzh w8alo] AP HKUST-19] PXRD sHEl S yetich. X 4be
Z7]%4 8] HKUST-1, 2 HCI : NaOH = 1:0.75, 1:1 % 1:1.259] W]&9] 843} z}z}
Hb3-sto] B E HKUST-19) 24 &2 5248 Yehdg,

T 5 (a) §AHAFY MOF-5, (b) &4€ MOF-5, & (c) AMAB=E MOF-59]
SEM o] v x| & YElTE.

T 62 FAdAFY MOF-5,

kex 5
Spectroscopy) 2=HEZHL YEFITEH,

t

H1

T 72 ZI7|AHE] HKUST-1, <49 HKUST-1, ZAF g4 fAo T HE
AMAE HKUST-1, 2 &GAF &6 &Aoo zHE AW HKUST-19 PXRD si¥ojt}.
T 8% =7|AEl HKUST-1, <&AME HKUST-1, ZAAF 6 |fAoz2EHE

= =1 3‘?‘
B A HKUST-19] IR ~HE- o},

A AE HKUST-1, @ d4F g gdoz i .
& HKUST—l, AA 8 fAlo g HE]
3

=
T 9= =74 HKUST-1, <&
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AAAE HKUST-1, 2 g4 s fAQo0=2HE AAAE HKUST-19 ZHA

]
L

10 Z7)AFE HKUST-1, 2 HCI : NaOH = 1:0.75, 1:1 2 1:1.259
11& HCl @ NaOH = 1:0.75(a), 1:1(b) & 1:1.25(c)<] H] &9 {43
125 ZAAFHNO3) : NaOH = 1:0.75, 1:0.9, 1:1, 1:1.1 % 1:1.259]
13 =7)4 e} HKUST-1, 2 ZAF @ NaOH = 1:0.75, 1:0.9, 1:1, 1:1.1,
1:1.25 2 1:1.59] H] &9 §A3} zpz} wh-33ste] 2)AJd HKUST-12] PXRD siEl o]t}

4= Z7)AE) HKUST-1, % ZAF @ NaOH = 1:0.75, 1:0.9, 1:1, 1:1.1
2 1:1.259) wWlgel g3 Az wgsld AME HKST-19 AL EF

H

T 155 NaOH €99 HrlzXHy 1% Hol AA¥Y HKUST-12] SEM

HKUST-12) IR

T 17 x7]%e] HKUST-1, 2 NaOH &9 #H7IZHE 18 Fo A
HKUST-12] PXRD 3j¥&lo]t}. |

T 188 =x7]4rel HKUST-1, ¥ NaOH £ #H7[Z2HE 18 Fo QA=
HKUST-19] A& F& T24dolt.

T 195 AE g2 409 &A" HKUST-1 AE29 EFEZHE AP
HKUST-12] SEM o]w] =] o]t}

T 208 Z7)4HE HKUST-1, ¥ AM=Z o2 4719 &49 HKUST-1 259

ZHEZRE AP HKUST-19] IR 2 EHo|t},

= 218 2714 HKUST-1, 2 M2 g2 4709 &8 HKUST-1 AZE 9]
ZFEERE AYAE HKUST-14] PXRD s&io]ch.

T 22% Z7)AE] HKUST-1, @ AM=Z o2 4719 &49 HKUST-1 BEE 9]
4

T 168 %7)AHE] HKUST-1, 2 NaOH £99] Hr7l2XE 18 o Aqg="
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EgEERE ANY HKIST-19 44 53 S0,

oL
o

|

(2o AAZ 9% Ao He
B oy we 2H-§7] 2AAY APPEE (1) £4d BE-H7)
TAANE Aoz Aeste v 2 (2) 47 4 Y BLH-7] 24
obel= A sL @7 A ARtE wAE TFA
2 owee mew 4y wASS eAHoz FasAY m= FAl
S92 5 o, FA FAT A4S, 4] £49 FE-7]) TAANE vo=
Aelgst FAol obul= A e @7 A3
ol 7} AR FAHoE I,

it

ﬁd
S
2
o=
et
P
20,
o

oA gos se 2H-97 TAAWRE 598 FA5)
gon, d& 9 7|FAHE e 577 SAAY 5 A

TAARJ] AEAM, 47 55-77] A A= MOF-5(IRMOF-1), HKUST-1,
IRMOF-2, IRMOF-3, IRMOF-4, IRMOF-5, IRMOF-6, IRMOF-7, IRMOF-8, IRMOF-9,
IRMOF-10, IRMOF-11, IRMOF-12, IRMOF-13, IRMOF-14, IRMOF-15, IRMOF-16, MOF-
74(Mg), MOF-74(Fe), MOF-74(Co), MOF-74(Ni), MOF-74(Zn), MOF-14, MOF-177,
MOF-508, UMCM-1, DUT-9, UiO-BPY, Ui0-67, ZrMOF-BIPY, Ui0O-68, MOF-802, MOF-
804, MOF-805, MOF-806 % MOF-808% o]Fojz FOo=ZFE AHAExHE Hox

shte T8¢ ¢ A

7] Al 2577 2EAEY FAAY FER(EE) otde 2o
MOF-5 (IRMOF-1) : Zn4O(BDC)s

HKUST-1 : (Cuz(BTC)2)

IRMOF-2 : Zn40(BDC-Br)3

TIRMOF-3 : Zn4O(BDC-NHz)3
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IRMOF-4 : Zn40(BDC-0CsH7)3

IRMOF-5 @ Zn40(BDC-0CsHi1)3

IRMOF-6 : ZnsO(BDC-CgHa)3

IRMOF-7 : Zns0(BDC-C4Ha)s

IRMOF-8 : Zn40(2,6-NDC)s

IRMOF-9 : ZnsO(BPDC)3; (interpenetrated)
IRMOF-10 : Zn4O(BPDC)3

IRMOF-11 : Zn4O(HPDC)3 (interpenetrated)
IRMOF-12 : Zn4O(HPDC)3

IRMOF-13 : Zn4O0(PDC)3 (interpenetrated)
IRMOF-14 : Zns0(PDC)3

IRMOF-15 @ Zn4O(TPDC)3 (interpenetrated)
IRMOF-16 : Zn4O(TPDC)3

MOF-74(Mg) (CPO-27-Mg) : Mgo(DOBDC)
MOF-74(Fe) (CPO-27-Fe) : Fey(DOBDC)
MOF-74(Co) (CP0O-27-Co) : Co2(DOBDC)
MOF-74(Ni) (CPO-27-Ni) : Ni2(DOBDC)
MOF-74(Zn) (CPO~27-Zn) : Zny(DOBDC)
MOF-14 @ Cus(BTB)2(Hz0)3

MOF-177 @ ZnsO(BTB),

MOF-508 : Zna(BDC)o(BPY)

UMCM-1 @ Zn4O(BDC)3(BTB)4

DUT-9 : Nis0:(BTB),

Ui0-BPY : ZrgOs(BPY)12

Ui0-67 : Zrg0s(BPDC) 12

ZrMOF-BIPY : ZrgOs(BIPY)1s

Ui0-68 @ Zrg0s(TPDC) 12

MOF-802 : Zr504(OH)4(PZDC)5(HCOO)2(HzO)z
6

PCT/KR2016/007510
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MOF-804 : Zre04(OH)4[BDC-(OH)2l6
MOF-805 : Zrg04(OH)4[NDC-(OH)2l6
MOF-806 : Zrg04(OH)4[BPDC-(0H)2]6
MOF-808 : Zre04(OH)4(BTC)2[HCOOI6

w3, 47 246 A4 eole] gue ol Bk

BDC : 1,4-benzenedicarboxylate

BTC : 1,3,5-benzenefricarboxylate

BDC-Br : 2-bromo-1,4-benzenedicarboxylate

BDC-NH; : 2-amino-1,4-benzenedicarboxylate

BDC-0OCsH; : 2,5-dipropoxy-1,4-benzenedicarboxylate

BDC-0CsHy1 @ 2,5-bis(pentyloxy)—-1,4-benzenedicarboxylate
BDC-CoHs : bicyclol4.2.0]octa-1,3,5~-triene-2,5-dicarboxylate

BDC-C4Hy : 1,4-naphthalenedicarboxylate
2,6-NDC : 2,6-naphthalenedicarboxylate
BPDC : 4,4'-biphenyl-dicarboxylate

HPDC : 4,5,9,10-tetrahydropyrene-2,7-dicarboxylate

PDC : pyridine-2,5-dicarboxylate

TPDC : terphenyl dicarboxylate
DOBDC : 2,5-dihydroxyterephthalate

BTB : 4,4',4''-benzene-1,3,5-triyl-tribenzoate

BPY : 4,4'-bipyridine |

BIPY : 2,2'-bipyridine-5,5'-dicarboxylate

PZDC : 1H—pyrazole-3,5~-dicarboxylate

BDC-(OH); : 2,5-dihydroxy-1,4-benzenedicarboxylate
NDC-(OH); : 1,5-dihydroxynaphthalene-2,6-dicarboxylate
BPDC-(OH); : 3,3'-dihydroxy-4,4'-biphenyldicarboxylate

!
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e

48 5-F71 2EAAE &4EHY HY =
shekeFAQl vl (stoichiometric ratio)d &< ol IE=E TH3t JoEF,

o2 A f7180lE Azl moll HW JE F5-471 TAA Aol

TAReE, 47 A A 47)
OMYIEoNE,  oHE, Adsg
ol Eolu| =, HelgEgolvl=,
o5 £ 89 FolA muAGoR

—_—

X

g7 =34 95 (AR 6kS)

(e

Al ¥A AP AYdE 25-77] SFAE otn= A AY F7
Aejstel A8t dA ot

&7 A SAE () WF @7 BA(E in situ BR2) e (i) 9AF
A7l HIHE ex situ BR)Y 2714 AE=Z JH4E F AT

¥ 7] AMe B8 A4 v

471 otnl= Aty AAse dAe A7 A AHdd s5-#7)

A71 olml= At AAsie dAle A7) olnl= A E
AAHo g2 HEo @A77t WA (in situ base generation)® & AT, A7)

olul= AHElsled QA= dA= SolE ¥HS(solvothermal reaction)S E¢&

P
T 3

A7) olm=A  ful= Yo" X Eo}u = (DEF;N,N'-diethylformamide),
]
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o g ¥ Eo}u] = (DMF;N,N'~dimethyl formamide) ol T &uE XTF
9l ).

F7] otnl= &ofjo] Al A pH WS pH 4 WA 14, FAZFHOE pH 4
WA 12, Bop FAIH o2 pi 4 WA 109 B 219+ Ao

TAHQ Lelel mEad, 47 55771 SF4A S MOF-5, HKUST-1 &
o9 EIEL T, A7 olul= Hg: Ay A Hyd FE-§7

A 150TCY 2% 3slol] olul=Al ful FolAM HHFAZ|= A

—

o

€ ol wed, A7) oinE Aue MY A A= DA FAld

c9E 5 o dE Bol, 47 Wy 248 35 47 BAAG 4 9
olr]=A &S FAlCl ZHg H 60 WA 150Ce L2 §iE WHEAIA P
& 9

o% 9] Hle B3 A W

A7) @7 Aglstel AAsE BAE 47 A AE 2E-f7) 2AAS
A 27 sl @714 &) FolA LA E AL TFY = Ao

A7) @714 guls A) 2 1 el dlslA 0.75 UlAl 1.25 9, 0.75

Lo A7) AF 1 G A 0.75 WA 1 By <oz Ay}
o

714 b1 el s 97 1 Feoletn SW, 4F 1 29 ¥g

471 @717 Eule FASUEENaOH) T8, FAsZE (KO +8 9,

10
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B odld o oalsleE AY B, B wgo Jfo] sl7] AAlde) FAHE AL
olyt}
Asg 9 9y
ANE FFEES A|BSE AZFE Fulsly Hxo AAglo] AR,
Zn(NO3) 2 6H,0, 1,4-¥1A ) 7484 4FH(HBDC) T DMF =Rl
MEEzetol=(M0), A, 94 R FARUYEFE FERLE Signa-

AldrichAl 258 Fofsldct.
DEF= TCIALZR-E Fuislsid),
&g BYJALZHE FustgiTt.
Al #3F= HKUST-191 Basolite C300-2 BASFAFZH-E] Fo&}gict.
b XA 3424 (PXRD)2 Bruker D2 PHASERE o] &3}e] 35,
]

>
=

HEH(IR)L ThermoFisher Scientifc 1S10 FT-IR ¥ H7|&

CorporationAh) & o] &3l EFLAH=A7]<(standard volumetric technique)ol
mel Hol 171¢4e] 2hoE SAHFHG

Azd 1: 577 E4A9 Ax

(1-1) MOF-5¢] A%

Zn(NOs)s6H,0 0.75¢ (2.5mmol) % 1,4-#lAt)7}EAXH(HBDC) 0.20g

(1.2mmol)<S DEF 50mLe} &7 125mL £7]0] ¥}, ®28 S 100C LEoA

29 Fob 71gEgitt. e dlg Aoz 23 T QulE AASFC. 2AFHY

AMEE F4 DIF 2 F4 MC2 53] AFsigct. AAHES 150C AF LEA
A

whAl A%EAT (0.282, & = 91%).
12
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(1-2) HKUST-19] A=
Ze) 71<(S. Xiang et al., J. Am. Chem. Soc. 2009, 131, 12415.)9]
w2} HKUST-1S A 23+t

Az 2: E4E 577 FFA9 A=

(2-1) £2418 MOF-59] Az

A Az 1-114 AZH MOF-5 0.25¢2 ZFFS 50mLoll A8},
197 wwketdeh, 48 MES 60T QBN 43 AZAH .

(2-2) &4k HKUST-19] A=
HKUST-1(Basolite €300, BASFA}) lgel & 50mLE 7betil, diz] ZzdoA|
143 wksigieh. &4 AES 100C LBdA 53] A=Az,

(2-3) M2 T}& HKUST-1 £4 MEEQ] ST E
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