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>600 m?-g!, Ak 1661 m?>-gt. Ui0-66 1]
BB 1(a) Fras, HEA AR

(a) UiO-66
B 1 UiO-66 5 MOF-808 [fI54LL 45 1) .
Figure 1 Simulation structure of UiO-66 and MOF-808.
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Table 1 Synthesis method and specific surface area of MOF-808.
i BT (GREEAT) BET LLRIHA (m?-g!)  Z753CHR (-10)

1 BRI (DMF. iR, 100 °C. 7 d) 2060 [7] (2014)

2 WHRIPGE (DMF. 4R 120°C. 72 h) 2177 [8] (2019)

3 WA (B2, DMF. 4. 120°C. 24 h) 1319 [9] (2019)

4 WRIPGE (H,0. HIR. =i, 24h) 1911 [10] (2024)

5 Wk (DMF. HER. 30 min) [11] (2015)

6 W K. 4B 95°C. 5h) [12] (2016)

7 FR4LR (DMF. 42 150 °C. 15 min) [13] (2021)

ORARFFEEREE OK. R, ZFE. 110 °C) 952
8 B FRALRVE 0K HIR. ZLEE. 40 kHz. 80 °C. 10 min) 1059 [14] (2023)
RS 0K HR. 4BE. 400 W. 10 min) 903
heating LRI 1319, 1069 766 m>- g
14 +\§{ 20244, SuGUOHRIE T 75 5 IR A F F LUK
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D9V 7R i % MOF-808 [ 7572, Wil 3 s .
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B2 MOF-808 1) 4 fl*).
Figure 2 Synthesis of MOF-808[®1.
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Figure 3 Room temperature aqueous phase synthesis of MOF-808[1%1,
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Figure 4 Continuous flow synthesis of MOF-808[1,
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Figure 5 Method 2 for continuous flow synthesis of MOF-808!'4,
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MOFs #4 K}, B §i 0t 58 TAE £ ZEEH T Ui0-66
1A Z F1 MOF-808 14 &, HF 7L N 53 73 3l o ooy 4k
R TR R (W B R REAT T REEETE, R I
Ui0-66 14 % A1 MOF-808 14 & % CK. DMMP %%
CWAs 1 NH;. Cl,» NO,% TICs B At 57 14
TEWR B e 77 -
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1 T Ui0-66 S H R g AL A4 Ui0-66-0x, %)
CWAs M TICs HIREF BT RE /1. Hr, Ui0-66
W EALF B3R J1ik %) 104.5 mg-g!, T AR
%t ASZM-TEDA A2 ik 1) 80~90 mg- g Bi 4 fiE
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gy MR (174.8 mg-g"). HERIEA YL
bt (262.2 mg- g WHARGFHIPIF R, k2.

i« AL 22 R M BTB E /1 (mmol - g /mg - g7).

Table 2 Protective ability of UiO-66 and its modified compounds against ammonia, cyanide chloride, sulfur dioxide,

nitrogen dioxide, and octane (mmol- g'/mg-g).

YR NH, CICN SO, NO, CsHg
Ui0-66 2.0 34.0 1.7 104.5 0.1 6.4 38 174.8 23 262.2
UiO-66-vac 1.6 27.2 0.8 49.2 0.0 0 39 179.4 4.0 456.0
UiO-66-0x 2.5 42.5 1.6 98.4 0.8 51.2 8.4 386.4 2.8 319.2
2020 4, B & R & (Agency for ) - &P
Defense Development) X & & [l 44 2% 5 AR 578 B = B
Cha ZEUSIRF 503, {8 ] = 207 4 — iz (TEDA) R —
M P 1) T-MOF-808 Fil Ui0-66 % CK. DMMP+ <]
ARG ROR, il 6 Frs. ﬁ
TEAIXTERE 80% 614 K, T-MOF-808 X &4k =7
FI R EE 719 4.05 mmol-g !, X &S HIUH BE N
718 1.44 mmol-g', XHPMAELLLF DMMP [0 B ( _‘
0 T T

E717595.09 mmol-g!; T-UiO-66 it 5 Ak FUKIK I
& /71X %) 2.38 mmol-g';  UiO-66-NH, % & < [
W B HE 1M 1.45 mmol-g!, XF¥PHAEILF DMMP
(I B RE 714 2.21 mmol-g!, 4% ASZM-TEDA
A2 5% 2.51 mmol-g ! [ EE 7. AS[Al MOFs
X G AR P e 3 .

2021 4%, FEANRMBREZEFR B TR
ST R L]« — P MBS R 6 B - A AL
H 2L K MOF-808 11 il #% 7737, ¥4 il £ 11
MOF-808 JL A A HLER CRH IR 2-Z LR H

T
T-MOF-808 T-ASZM

6 T-MOF-808. T-UiO-66 5 T-ASZM X} 4L«
DMMP. IR X L
Figure 6 Comparison of adsorption of T-MOF-808, T-UiO-
66, and T-ASZM for cyanide chloride, DMMP, and

ammonia gas.

T-Ui0-66 Ui0-66-NH2

FR. 4-FRRL KB . S-HHAE AR —HER. 2,6 —
nt e FR) HEAT okt o 1Z 7 VIS Bt MOF-808
ORGSR (G 55 ol Ak 2% 5 B R A i bt
Fibae )1, k4.

3 ANIF MOFs 5 S FUIWR PR A .
Table 3 Adsorption data of various MOFs on cyanide chloride.

i TEDA I\ & Supr(mP-gl) Vo (mLg) . ST 2 (mmol-g)
(Wt%) (mmol-g) + T
T-ASZM 8 0.71 857 0.48 0.55 1.07 1.19
T-MOF-808 30 2.68 1024 0.49 0.50 1.26 4.05
T-UiO-66 20 1.79 536 0.64 0.31 1.43 2.38
T-ZrO(OH), 8 0.71 229 0.17 0.92 1.19 1.28

AL 2B L AL Smg-me, FrAWHE AT T ST & LI AR AR X IR L 80% 2 AF T HEAT .
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Table 4 Adsorption values of various modified MOF-808 for nitrogen dioxide, ammonia, sulfur dioxide,
formaldehyde, and benzene.
BETt | X NO,%iE NH,FE SO, %% HFETFE KgE
MALLE  RALE i - - ? -
Z-MOFs  Iii# o U RMR MR URBEES TRMHES REE
(m*-g™) (eme?) - (omg) (mg-g') (mg-g') (mg-g) (mggh) (mg-gh)
MOF-808 1822 0.69 0.84 38 43 254 41.5 555
808-BA 1459 0.59 0.84 101 56 / / /
808-NH,BA 1375 0.54 0.74 153 47 471 42.6 360
808-OHBA 1353 0.54 0.71 30 53 / / /
808-NO,IPA 1071 0.43 0.58 163 45 / / /
808-PYDC 1094 0.43 0.54 28 46 / / /

R AT T AT G B SL IR AEAXTR L 80% A AF T HEAT s IR 26 AF T &AL o B LR AEHDIRE 15% %1 T

AT

2022 4F, KR TR A A0 T3 B £ 5%
SRR IE T Ze-MOFs A4 8} T2 W B RE (1) T
FL, I SR B AR R R A& R A HLAE 22
Ui0-66. NU-1000. MOF-801 Il MOF-808 [ 44
FIRFAE  FRE A B MR . S5 IR KR,
Ui0-66. NU-1000 F1 MOF-808 7 4li NH; ¥ 55
(R E MR, IR o v W B & L AT 9 P A
FH W B PR RE WP & 40 0l O 13.04. 6.38.
9.85. 9.65 mmol-g'. ZZPRTIKFNZ XS 48 A AL
B AR LA 1) B R B OAPE B, NU-1000 AT MOF-
801 &5 My I ANRE4ERF, 1T UiO-66 1 MOF-808
g R R, BRI T NH SR IE 2 1
B 7K NH; 5 55 F 35 88 A T NH; W B F0 4% A7 -
25 °CH 4 Fft Zr-MOFs [) NH; W i B 178 34 ith £ a0
Bl 7 Fros o B3 08 300G AT . Ui0-66.
MOF-801 FI MOF-808 1 i 2 W Ff 14 ¥4 G PR £
I B G WL, UESE 7 HAE T ERIA 5T 00 B
PEREREE . Ik, UiO-66 A1 MOF-808 3 B &

|
|
|
L]
¥

W HHE (mmol.g™)

)
1

0

T T T T
Ui0-66 NU-1000 MOF-801 MOF-808

B 7 25 °CH} Zr-MOFs [ NH; W Jit B 96 34 ith 25 .
Figure 7 NH; adsorption desorption cycle curve of Zr
MOFs at 25 °C.
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MR B A AR R 2 P MR (Sarin), LI PE
B B R M 1R SR (CK)RY.

Bt %k T CWAs F TICs i 1k B# fi# 1) Zr-
MOFs#k},  H BT 18 7 TAE FZ Bl B A A
W EE BRI Ze-MOFs JE T . WF 70 N S i A
WAL RSE S T s 2 5 DL A WL A
ST W Ze-MOFs A 549 5 (A0 B A PR RE IO AT
RO, JFIREWET T Ze-MOFs 1€ £ M 22 ph Ay
JoR % AR A TR 55 RO A B34 5 PR A P A
MOFs — it 24 AR, 75 LBr Al A7 1E 5 it
W Gk IS — R G, R
B 2 g AR E . [ MOFs 435 v
HARHE M R Tk, HodiE i s2 I MOFs
5 RE M o 30 B2 KR FUE MOFs 524
PORLIUE AT 1 2 Ik o

20154, [ PEIL A% Moon ZE22 % HLLE AT
A Zr-MOFs 11, MOF-808 /K it DMINP 1) 3 % £
P, FEWI<30's, MOF-808 BRidi /K fi# DMNP [f]



3

TS ;B EJR A HUHESE MOF-808 (X6 B S A S BLE A 22 Bl 47 45k rh A et Jié

234

JER PR ARG A4 8 M A MOFs R FLAR 3 5
2017 4, far 2= N H B} B 5 BE de Koning
SEVRE S T 4 Ff MOFs R A 27 ik 7 VXL 25 A
(Tabun) F1Z & (GD) MFEMAA, VEAL T UIO-
66-NH,. NU-1000. MOF-808 #I PCN-777 7 N-
L HEN IR K K 2 (pH=10) HRX 55 B4k 2
iR VXL B R 2 B AR SZm. IX LK
MOFs #5 3. 7% tHAE B S5 A T X6 A 22 500 H € g
FEfREJT . BEETE IR 2AE 2 MOFs S5 F4 1 — 5 43
(W1Ui0-66-NH,), & R2LEMZ AN (VX 5
A1), HAEGRIEHIK R R R M s R R
(a)

0
1l

re
DMNP

(b)

| 60 min

| 30 min

| 15 min

| 10 min

Conversion (%)

l 5 min

DMP . DMNP1min

100

50 [}
Ppm

-50 -100

NO,
e
P. — N\
\o/ (l)\O ()

MOF-808/BPEIH

(c) 1004

80

3
S
1

a
S
2

N
S

2021 4F, SEHEPUL RS Ma 5 RARIE | —Fh
Zr-MOFs 5 3 T [ (1) 7K B8 Jle ()38 365 14k B A S s
AT T e SOK R A R R e FE R L (8.
Bl9). FEFEET —FPBRAY . M35 K 0 B S
BT KB (BPEIH), /KL B il
B KR, BE A R T MOFs flE AL 7K f# 11
NS . 7E 8 Fh Zr-MOFs 1, MOF-808/7K
HEIR A W% DMNP 85 0 28 2 771 AU e B o
i e ALK ARG 12 o K MOF-808/7K Btk 52 &
Vit — S 548G 5B/ 2 MR EME, A&
RAEAL VX GD S5 B 5K i

NO,
+
NoH /O/
> HO

DMP

O—p=0

 —

// —a— MOF-808/BPEIH

—e— ZrOCl,-8H,0/BPEIH
—e— Zr(OH)W/BPEIH
—#— MOF-808

—=— BPEIH

v T T T
30 40 50 60

Time (min)

T T
10 20

8 MOF-808 f#{t. DMNP [ #1241,
Figure 8 MOF-808 catalyzed degradation of DMNP 241,

(c}

= Simulated MOF-808
—— Cotton fiber
~——— MOF-808/BPEIH/fiber composite

H 10 is 20 25 3
2 Theta (degree)

—_
=
-
>
8

I3
S

1. Fresh

2.3 months old

3. 100% humidity

4. Water treated

5. Sweat trealed

6. GO, treated

7. Octane treated

8. Reusced for 4 cycles

3
k=3

Conversion (%)
3

N
S

(d) (€) o]
% w2
804
S g
g 40 E 0
: ;
£ £
Z" 204 C
204
T v T T 0 1 2 % 4 0 5 &
0.0 02 04 06 08 1.0
Time (min)

Relative pressure (PIP)

1 2 3 45 67 8

Time {min)

9 MOF-808/BPEIH/Z[4EE SN RAE 18 1k DMNP /KA M B e M4,
Figure 9 Characterization, catalytic activity and stability of MOF-808/BPEIH/fiber composite for DMNP hydrolysis 124,



235 BT X

#o5

o b 2024 4F

2021 4F, dbntRHE RS ReIE S BT TR
Bt 5K 18 7= S5 3 T MOF-808@PAN 4/ K £F 4
B FR) 1) 6 T3 v B ko e g 9~ ASORSEAUA R 4 B
W5t. LLZrOCl,-8H,0. BIZR =R AR, =
ORI, 7K ¥ 7 MOF-808 7£ 58 P
Wi I (PAN) 94K £F 4 i b R 67 2B K, 13 T
MOF-808@PAN A K- 4 i . 1] SEM. XRD.
FTIR. TG A2/ -l fff % MOF-808@PAN 4/
KA HERELE BT RAL . 451 E W], MOF-808@
PAN K £F 2 i (1 L R TH AUA 441.5 m2-g ' FL
AR 0217 em®-g'; 4 5 pL CEES 7 40 mg
MOF-808@PAN 9K £F 4 i | %% §% 20 h, CEES
(1) B f# 2 W] A 83.7%; MOF-808@PAN 44 K
oF 4 AE ) 3 WK 5, CEES [ F# fi# 5 % vl ik
78.9%.

4 & &
B3 2 )8 A HUNE 2244 B} MOF-808 B A Lk 3%

MARK, FLBRZR S, WA RssE e, MUAR e 1
AR E YERI UK R L R S, (KA
PMLERIR & ¥ I B AT AT KL E S %, 2 TinT
A . @IS R BIE e S NG, fE15 Dh AR
1k MOF-808 % UiO-66 X} TICs Fl CWAs R I i T
I e BT B 5 e A PR A PR i o 1SS TR RLAE
W [t CWAs Fll TICs, 4 J7 A7 18 1k CWASs B4 il
Ja, R IRFEfRE, BAEAHEAEE T, AF
E A P RE T AR SRR AR

&l P4 AR B FCALAA X Ze-MOF's 347 BR 2
FUE R I, I I A2 R R A S T S
PERESPHT: N IORG & A e, ) Bl i AR
B, PERERWRFEAR; A& BREH ok, ) Ad
EAY, ikt KK, Bk &iE i MOFs &
FLo At R, R A R AR (PSA), 1EETR
1 R L SEUR I R W B R i s B
FEIA, 7 44 49k IR B 7] D o 7K e e
I =5 3, B T AR AT P ARl R

Sk

1 OREE, AR, A, 200 MRS RSk R KBS 5y [T]. A5 & 42, 2013, 42(4): 123-130.
PIEEE . R A S AR U R [1]. AR A S HOK, 2003, 25(21): 6-8.
MRAZ &5, BRICHR, W& 5, 3 F, k2 Hh . &8 A7 MUREZL R4 6L Tl B FH A T I PR Bk 5 DA K B 37 I T SR [J].

BT 5 A M, 2023, 39 (1): 75-86.

4 Decoste J B, Peterson G W. Metal-organic frameworks for air purification of toxic chemicals [J]. Chem. Rev, 2014,

114 (11):5695-5727.

5 BRI, IR, SN, RER, B, 285, YL, IR RS B - L SRS B i AR FT Rt e (D).

SR, 2020, 34(12): 23121-23130.

6 FI T, 58, I, BE S B R A LE

Tt &, 2019, 38(10): 4614-4622.

ZRUIO-66 1 & B AR ZE BT 0T (1 F 7E 3k fee (D).

“green” route for scalable batch

7  Furukawa H, Gandara F, Zhang Y B, Jiang J C, Queen W L, Hudson M R, Yaghi O M. Water adsorption in porous
metal-organic frameworks and related materials [J]. J. Am. Chem. Soc, 2014, 136(11): 4369-4381.

8 XuJ,LiulJ, LiZ, Wang X B, Xu Y F, Chen S S, Wang Z. Optimized synthesis of Zr(IV) metal organic frameworks
(MOFs-808) for efficient hydrogen storage [J]. New J. Chem, 2019, 43(10): 4092-4099.

9 Ardila-Suarez C, Rodriguez-Pereira J, Baldovino-Medrano V G, Ramirez-Caballero G E. An analysis of the effect
of zirconium precursors of MOF-808 on its thermal stability, and structural and surface properties [J]. Cryst Eng
Comm, 2019, 21: 1407-1415.

10 SuHH, HouJ W, ZhuJ Y, Zhang Y T, Van der Bruggen B. Room-temperature aqueous synthesis of MOF-808(Zr)
for selective adsorption of dye mixtures[J]. Separation and Purification Technology, 2024, 337: 125957-125963.

11 LiZQ, Yang J C, Sui K W, Yin N. Facile synthesis of metal-organic framework MOF-808 for arsenic removal[J].
Materials Letters, 2015, 160: 412-414.

12 Reinsch H, Waitschat S, Chavan S M, Lillerud K P, Stock N. A facile
production and continuous synthesis of zirconium MOFs [J]. Eur. J. Inorg, Chem, 2016, 27(54): 4490-4498.

13

Bagi S, Yuan S, Rojas-Buzo S, Shao-Horn Y, Roman-Leshkov Y. A continuous flow chemistry approach for the
ultrafast and low-cost synthesis of MOF-808 [J].Green Chem, 2021, 23(5): 9982-9991.



34 TS ;B EJR A HUHESE MOF-808 (X6 B S A S BLE A 22 Bl 47 45k rh A et Jié 236

14 Kevat S, Lad V N. Green synthesis of zirconium-based MOF-808 by utilizing sustainable synthesis approaches
[J]. Journal of Organometallic Chemistry, 2023, 999: 122832-122840.

15 MW, RS B E . RS RA YRS ILIE TR T 8RR [J]. st R, 2023, 2(3): 1-18.

16 U, ZAE, BT B R A HLE Z R B AR I 535E [7]. 7 &R LT, 2020, 47(10): 69-71.

17  Decoste J B, Demasky T J, Katz M J, Farha O K, Hupp J T. A UiO-66 analogue with uncoordinated carboxylic
acids for the broad spectrum removal of toxic chemicals [J]. New Journal of Chemistry, 2015, 39 (4): 2396-2399.

18 Cha GY, Chun H, Hong D Y, Kim J, Cho K H, Lee U H, Chang J S, Ryu S G, Lee H W, Kim S J, Han B C,
Hwang Y K. Unique design of superior metal-organic framework for removal of toxic chemicals in humid
environment via direct functionalization of the metal nodes [J]. Journal of Hazardous Materials, 2020, 398:
122857-122867.

19 EEE GRE A, JRan H, SN, 2R, R, FibK, 2808, SRS . — AP Bt AE AR 2 B - AL R AHH MOF-808
##) % 77 £:202110250331 [P].2021-03-08.

20 ER, RERE, Bib, ML, 225018, 2 F | BEREBR A IUE MR T 2 PR BB 5T (D], AL T2 3R,
2022, 73(4): 1772-1780.

21  Giannakoudakis D A, Bandosz T J. Detoxification of chemical warfare agents. from WWI to multifunctional
nanocomposite approaches [M]. Berlin: Springer, 2017.

22 Moon SY, Liu Y, Hupp J T, Farha O K. Instantaneous hydrolysis of nerve-agent simulants with a six-connected
zirconium-based metal-organic framework [J]. Angew. Chem. Int. Ed., 2015, 54(23): 6795-6799.

23 De Koning M C, van Grol M, Breijaert T. Degradation of paraoxon and the chemical warfare agents VX, tabun,
and soman by the metal-organic frameworks UiO-66-NH,, MOF-808, NU-1000, and PCN-777 [J]. Inorg. Chem.,
2017, 56(19): 11804-11809.

24  Ma K, Wasson M C, Wang X, Zhang X, Idrees K B, Chen Z, Wu Y, Lee S J, Cao R, Chen Y, Yang L, Son F A,
Islamoglu T, Peterson G W, Mabhle J J, Farha O K. Near-instantaneous catalytic hydrolysis of organophosphorus
nerve agents with zirconium-based MOF/hydrogel composites [J]. Chem Catalysis, 2021, 1:721-733.

25 kil ANEIT, SRIE, kY, T, 25 A2 . MOF-808@PAN 44K £ 4 R (1) i) 2% B F: B4 I+ 1D 7k
e [J]. #emfe 1, 2021, 38(6): 1177-1182.

RGN

Progress in Synthesis and Chemical Defense of MOF-808 Zr-based Metal-
Organic Framework and Related Materials
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Abstract The synthesis of metal-organic framework MOF-808 and its applications in chemical defense was
discussed, including the adsorption of toxic industrial chemicals, the adsorption and degradation of chemical
warfare agents, and the regeneration of adsorbents. Specifically, the challenges and future development directions
of MOF-808 in the field of chemical protection was summarized, such as improving material stability, functional
modification, large-scale production, and particle formation. These studies not only contribute to a deeper
understanding of the synthesis and application of MOF-808, but also provide new material selection and
development directions for the field of chemical defense.
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