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Preparation of Ni catalyst embedded in phosphine-doped hyper-crosslinked
polymer and the application in 4-nitrlphenol reduction
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Abstract The polymerization of commercial 1,2-diphenylphosphine-methane monomers adopted the method of
hyper crosslinking prepared microporous organic polymer (HCPs-DPPM). HCPs-DPPM used as carrier the loaded Ni
nanoparticle catalyst(tHCPs-DPPM-Ni) was prepared with hydrazine hydrate reduction, through changing the load of Ni
and the pH to adjust the size of Ni nanoparticles. The catalyst of commercial activated carbon (AC) loaded Ni was
prepared. The catalysts were characterized by FT-IR,BET,SEM and XRD. The results showed that the HCPs-DPPM-Ni
had a large number of microporous and mesoporous structure, the surface area of 626m?+g~', HCPs-DPPM-Ni(50 %)
with the best catalytic activity. When the reaction temperature 25°C , initial concentration of 4-NP 0. 5mmol+ L™, the
nickel load of 50% , HCPs-DPPM-Ni 0. 83mg*mL ™", the NaBH, addition amount of 0. 125mol+L "', after 4min, 4-NP

conversion rate can reach 99%.
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il 5 A AR & W R Tz T Tl A 7L il A R A E TR B IR P ) 308 o A i A 1 1) i b
E‘ﬁﬂim‘ﬂ 256 L BURE AR By S 50 AR Al B . BRI Z A Gl 5L TR W n] DL DR i

0 A [1-2]

dn S E R TSR o M IF HL A S A 2k

Vol.47 No.6
NEW CHEMICAL MATERIALS o 211 -«

A B IR IR FIF B AL & W 5 B Ak A R A AU

B A EE P R AR AR R AR T A
DRI R T ey . e ol e i 2 0 7 AL 5 1 v Y
fiF ik 46 Wy R A O L SO TR R B AR L Bk
[ PR BE O AP B 51 58 114 R HLIS e . (R Al
B Wy e B A A AN TR A R L B

1&%%7;25!57“64{:%éfiﬁf‘5¢ {ELAiH 2 i 1) i i 7
Yy SR B HH BT AN R B T AR O HE &
#%’#E%E‘Jﬂﬁiﬁﬂﬂlﬂlﬂﬂzliﬁﬁﬂi/a\ﬁw@"iwnﬂﬂ
FCARS 40 AL 7 . 72 52 BRIV T P A-fir 3 O B (4-
NP) i TARKA FE B, PR, S 1 Tk R R A 7= il

EETA PRI R B E T H (17C038) ; P AL 15 K % 35 A BT A4 3 H (17Y031)
EHE B 995, T W98 A, EBEWFIE 07 10 Ry 2 FL A BILER A 400 1 o) 6 B JHL e A Rk 1 D T g

B R ANCREMA988H, B W+, EEMNF AL RS RIT5.



. 212 . 1 T 8 B W4T

B AU A A, S — R AR T B 4-NP i
BB T A-F I (4-AP) AR H b B8

HAT,4-NP & 5 4-AP I F ki B £,
FLALFR R IR A SR | A 2 A T R A A
8. B R GE DR R T BRI HL gk £ AR
o7 A K ) 4 e ALY 1 R B RIS s
b2 38 i TR ELEAE R AR i . AL & P e AR IR
TR S 35 25 A T S TR RS R e B A 3T A H i
WAER . HATA Tl A A 7= p 5 4w A1k 51
38R J2: Fix 8 B A A & R ) L R R 3 T4
B ARELS TR M B R TR AR W& K
ARG T M)A T e — [, B
WETAEZ AT B VB (ND E R Hfg B F &
M & m BRI R I T T REM R, IS 7HE K
() ik Jre el

2 58 1 128k AU 22 £L A R M e ik A A £L
RESE o A7 7E i R B e e 1k 25 Ll & F B 2 4 SR
LT E Tk R TEE . FI, 38K
FIH AR L AL 2= Y BRARE TR 0 AR B RS W T &
ok, MRS Y (HCPs) & — 3 T -7 be 5t
b S5 I 1 2% T B 1 S A AL 22 FLAE R T A
HoAth A B, HCPs 19 S8 B BE 01K, — i LA 38
T I G 2 T AR R 1) FL &G R A R B L AR R
Lo B AR B R R L BB S ] 8 B B i A ) R AL
PR B FF & N HCPs B8R P BE R K L 9T
2R T 22 A AR o B AN SR i A A A
A 5T LA 2R 5L B ot (DPPMD S BLIR G 31 3% P
B4 HCPs i Ni fi 4k 7] HCPs-DPPM-Ni, ¥
HHF 4-NP B fEfbiAR A 7= 4-AP(E 1, it 5
B b 35 P e R AL X L L O BB HCPs A4 8L 7 46 1
F L.

QPAPQ FDA FeCl, DCE
; ? NiCl, 6H,0

B 1 k7 HCPs-DPPM-Ni & i %1%

1 SCIgER4y

1.1 AR SE

A : DPPM (4 # 4D VBRI (e dr 4D LN K &
AL (NICL, » 6H. O, 43 #1 &l | J6 Kk = & 1k &
(FeCly , 73 #r 4l 55 242k 3 [ 25 46 A1 A 10 A R 2
A s NaBH, (A4l , SRS R R AL 2% A BR 2 | 5 K
G ZBE(EG) VA SE AL A-NP .1, 2- "5 Lk
TR R e L R G DL B Al 3R R 38 Sk oy BT
ai W[ BRI A R AR L A 2l T
ARG Rk b 3

CES A8 BL AR 4 2T AF o 3% A (FT-IR, NEX-
US670 A1), 3% [ Nicolet 2% w3 X-HF £ £ i 1
(XRD, Ultima IV#), H AR B {88 bk X & 45 4
L1 B WS (SEM,L JSM-6510 &), H A B, T #k &
F5 SAh-0T D 43 56 0% BE 1 (UV2550 B, H AR B
L7 N
1.2 XWHE
1.2.1 HCPs-DPPM # X 3 5 A4 #+ 4+ 49 4] &

HR % STk [ 20 ] v 438 19 77 1 & i HCPs-DP-
PM, B 3840 R . Je /6 100mL = B P o A
dmL 1,2- 25 488 R 5 6 IR P FE 5 F AR U
A DPPM (2. 30g, 6mmol) . Bk 7 (0. 924g, 6mmol) .
1,2- B4 B B2 (1. 37g, 18mmol) s i J5 il A B 7K
=&k (2. 92g.18mmol) , 7 45°C F W 63 5h;
SR THIRZE 80°C I 19h s I 58 I A 7= #y FH
HBE B0 R 3 WK, IRl i R [CHR ML 24h, 76 60°C &
2T T 24h JE A
1.2.2 HCPs-DPPM-Ni 4# 4k ) 44 4] %

R SCER[21 1, 3 i — ol ] B8 3 A 0 4k 2 O ik
AT AN TR Ni A a9 4 Ak ) HCPs-DPPM-Ni
FHULF 5258 7 A i Ni i 0808 10 %6 (we, i
S0, T D Y HCPs-DPPM-Ni #4651 : 76 100mL
HiHE B2 o, 0. 05g HCPs-DPPM #% 4> #t T 45mL
TR BEJE A 1. 67mL NiCl, «6H,0 Z
TR (0. 0579mol /L) s 2R 5 K IR A 9 m 34 F
60°C , 3 HALMHEHE 20min; 516 iR IR-& W
A 5mL K& (80 %) Fil 4mL NaOH/EG(1mol/L)
VW, RN 30mins SN 25 o 5 FH 25 85 7oK Bk ik 2—
3 TG B0 B A B A 7= W, 58 05 7 328 A
i, & L bR ie 8 HCPs-DPPM-Ni, ;. Ni
B R 30 % 50 % i HCPs-DPPM-Ni i
A5 0 A& 5 2 IR B 7 W 43 Bl AR g S HCPs-
DPPM-Ni, ; fil HCPs-DPPM-Ni, s, %4, LART LT



46l RO B R A I L BB W B N A AL ) 114 T A B AL R 4 R T A AT AT « 213 .

PEIR CAC) 1 g Z A, A8 FH AR 8] 09 75 3 1 4 8 N Jo
AR A 106,309 A 50 % B — & %1 Ni/AC
AL < Niy., /AC .\ Ni, 5 /AC Fil Ni, 5 /AC,
1.2.3 ABRALH] 8 7& B iR

PL4-NP 8 J5 8 4-AP A B #r 5 W . {48 41~
AT UL AR 6 BE A I iz iy 1E R . A-NP 76 B 2 2R 5T
T 400nm Kb A5 R AE W R, T 4-AP 1 4R 1 0 i 6
£ 300nm &b, Bl SN Y EAT ,400nm Ab (4 IR 1A U
S W AL T 300nm Ak £ H BRI i 1 I 3 i T
1505 ST L3 2o 58 A0 1] D 2 Sl BE T AG I BB AR - T
Al B2 g E AR

7E 25mL FR B A 10mg 4L A 8mL
4-NP ¥ ¥ (0. 5mmol/L) . MU £ 1h DLk 2w
F# WA 3 SR 5 #E LR P A 3mL NaBH, %
W (0. 5mol/L) , B i 5 o J5 il U8 45 21 38 W . OF I 4t
FLW OB

2 H#BR5iTE

2.1 FT-IR &%

K 2 4 HCPs-DPPM () FT-IR 3% &, & Al
W, AE 2931cm LA 2852em ! Ak 2 I L Y X BR RN
NN FRA 45 4R Sl L 75 1608 ~1250cm " 38 Bl 4 5 19
W s e AT LI 25 S 07 BRORY B SR 4 4R g i,
1488cm ™' J& P—CH, #M ks, DL 45 R R,
DPPM Ji&, Iy b #4580 8 T 88 28 Bk R & W) o4 kB 3
ELIN

1488

2852
2931

35|00 30I0() 25|()0 20I()O 15|00 1()|00 S(I)()
¥ /em
[#l 2 HCPs-DPPM [ FT-IR 3[4

2.2 BET(&SWRAEH) 547

3 Jy HCPs-DPPM Ry BET kK. Kl 3(a)
SR TEAD ) BAR B B L (P /P, <<0. 0D, &R
FEUM o TG 1 T, 2R L A A LI TR AL
FaAMB A EE WM. X5E 3
HCPs-DPPM AL FLAR 43 A 11 £ BT b 7 14 b4 ) 40 A
KEBFLAZERNSTE 0. 5~1nm MIMFLAIE ., K 3(a)
TEPEEE S (P/Py=0.1~0.93) T, H 30 B9 W% jff [l
PR AL BB R R IFEER 3o AL
LR A5 B EDUE, LA B SC 5 R B, HCPs-DPPM

BA ZHPALAREH XX T Z AR A H A, R
A FLEE G J5 8 S B 5k A v ) oA 3 T AL 465 )
{0 T4 M [ 5 15 PR ALY

1
LX)
'h:_‘.

00 02 04 06 08 10
AAXTEEF1/(P/P)

-(b)

LAB/(cm®- g
0O = N W A W

20 25

10 15
FLAZTESE /nm

100

10
FLAZFERE /nm
3  HCPs-DPPM 1) BET i<k
[ Ca) 200055 105 W O o i 2 5 (o) B AL AL AR 40 A1 R £
(O FLALAR 2 A it 2]

2.3 SEM ##7

Kl 4 & HCPs-DPPM-Ni Z %I # ¥ ) SEM [&l
R HT I B BE % A (EDS) B3 . 1 8 4 Ca) 7] LR
L % B9 HCPs-DPPM-Ni,, , 2 I HLKE , B A B i
Z ALK s EDS 18053 43 (L 4al) A Rl i Ni
JCE L AR O Ni 52 R & i b g 20 1 AR X A DU
#|, HCPs-DPPM-Ni,; #l HCPs-DPPM-Ni, ; K
SEM [E (& 4b FE 40) Bos . bk R THH B E A
— JE A0/ N URE R 2 B R0 N1 UKLz 0 A 7R
BA & LB R A E . AAXF R 4(b1) 1
ACcD) 2w AT 45 A T LA 76 BEIS Ni fi gk
i K HCPs-DPPM-Ni, 5 H1, A& I H #9 Ni 9 L £
WK (8. 08%),
2.4 XRD ##7

K 5 JE AR Ni & 5 HCPs-DPPM-Ni & 5144
R E XRD 15K . EIRT UL 7E 20 2 44, 4° .51, 8°
F076. 4043 VI T Ni111.220 F1 220 1 A9 4%
TR, 3 5 SCmk (4 ] p 4l — 3. 454 1 4 HCPs-
DPPM-Ni & 5|1k 7] SEM &, 13 B A< 52 56 7% 3 Hy



¢ 214 1 T A R

#
gl

U Ni i 4k 7F HCPs-DPPM I+, 3 H Ni [ 45 1F 0 i
SR B NI S B 38 0w g,

c (al)

ﬁﬁ/(a.u.)

5 15 20

10
fEfR/keV

®1)

-ﬁ.ﬁl(a.u.)

Jﬁ 1
812 16 20

8
fER/keV

(c1)

58 ¥ /(a.u.)

I

10 pm 0 4 BT %0
fEfR/keV

& 4 HCPs-DPPM-Ni i SEM & K& H: X} 1) EDS % A
[(a)Fl(al) \HCPs-DPPM-Ni,, , ) SEM [ fil EDS i#[4] ;
(b) F1(b1) , HCPs-DPPM-Niy. ; ) SEM [l EDS 3% %] 5
(e)Fl(cl) . HCPs-DPPM-Ni. s ) SEM KA EDS % 4]

111

200iCPs-DPPM-Ni

220
HCPs-DPPM-Ni, ,
>

. HCPs-DPPM-Ni,,

ﬁﬁ/(&.u.)

10 20 30 40 50 60 70 80
26/(°)

E 5 AE Ni &8 HCPs-DPPM-Ni & 544k %) 1Y
XRD i &

ARSI R 4-NP AR R Ry 4-AP S 24 il
AT S L SR A5 SR LB 6., #F 25mL
SRR A 10mg £k 7] F1 8mL 4-NP i W
(0. 5mmol/L)  AIUAHEFE Th DLk 21 i 5 fige o - i ; 9%
JEAE FIRE W P A 3mL NaBH, % (0. 5mol/L) 2
N Amin S5 IS 06 bk A 3] 00 18 VR I Ot
[ P = W L 3 S G 1 N T N R ST D R e
(R) By A A1),

A, — A,
A,

LR EALR Vo3 A0 FRIIRIOEE . L3 A,

R = X 100% (O

R H— 2] WO L

HK & HCPs-DPPM-Ni Z %1 i {651 19 XRD %
P (&1 5) A B AR 700 A 336 PR BE N RS B 28 4 1 38
TS5 . P AR AR BT M S NI RO R R A
RRHKZIFAE I R /N T 5020 B 448 T WE
K,

sz

50 30 10

% 6 HCPs-DPPM-Ni fi#: b 54 1k i JH 4-NP 8954k %

2.5 HCPs-DPPM-Ni 5 Ni/AC 4k 5 89 & 1 XF tb
AT

& 7 M AL 7 HCPs-DPPM-Ni, ; #l Ni, s /AC
) SEM &, i 7Ca) Al L, 5 4 B0k 50 %/ Ni
4 7E HCPs-DPPM I+, HJ0URL JE A DL 9 oK 41 34 5]
S3HL AL 7 (b) T EE SRRk 50 %0 1Y Ni 1 2k 7E
AC b WA R T — DA HOKR G /hek, DL ST
25 R W AEAR R & U1 R, HCPs-DPPM fit
NI B BOROCR A5, S Hrikh, EZEFAE T
HCPs-DPPM M % F AC HA 8 4 () L 18 45 # Fi e
KB LR T ; 1A, HCPs-DPPM #1454 HIL IR Bie A&
FIE B2 5 M 73 BRI T 52 299 K N DR o AT 68 4 £ 551
WA R A7 i A2 Fa e v A A M e

Kl 7 HCPs-DPPM-Nij_ ; (a) Fl Niy 5 /AC(b) ) SEM

K H A-NP i b 38 J 52 56 % %] i & 1 Ni/AC
il HCPs-DPPM-Ni f# {1t 57 09 1 6& i 17 1P Ak . 78
25mL BEEHE TN A 10mg 4L FIF1 15mL 4-NP
W (0. 5mmol/L) LA 1h Lk 1) W B i 1
Vs AR EAE BRI P A 5mL NaBH, ##
(0. 5mol/L), )XW 10min; 2K J5 4 38 15 5] 1§ W Il
HWE B 0 S A L A BEUS A E B 45 S dn
1R, HE AT, NI/AC R L] 2
Nig. 3 /AC Fl Nig.; /AC FE W 10min J5 A A GF#Y
BORAEAL , 4-NP B4 23 51 R 30. 106 F1 52.5% 5



46l RO B R A I L BB W B N A AL ) 114 T A B AL R 4 R T A AT AT

¢ 215 -

i Nio.,/AC HA& 1.6%. HCPs-DPPM-Ni % %I f
AEFNFE N 10min J5 &R A 847 18R . HCPs-DP-
PM-Ni,,, . HCPs-DPPM-Ni, , #1 HCPs-DPPM-Ni,_;
Ak R 43 iR 3] 23. 2% .62. 1% Fi1 99. 6%, Al UL
Bif 70 28 N 2 12 38 A £0 R0 B A ASOR AT
* 1 Ni/AC 71 HCPs-DPPM-Ni L FI EHE LB EHT
4-NP HOBE L K IL B

Ni B9 5 & 4340/ % Ni/AC/ % HCPs-DPPM-Ni/ %
10 1.6 23.2
30 30. 1 62. 1
50 52.5 99. 6

R

-l
o>

At K A EE B A NI 98 KR T I i 2 £ 2
TE LR A Y HCPs-DPPM I ,48 3] HCPs-DPPM-
Ni fEfb ], Jf- 3t BET fil SEM #3514 4k 55 f £L
B OIE S . 5 Ni/AC #4575 XF H & 8L,
HCPs #4300 35 /) 2 9L 1A 4514 9F B b 3R 1 R
KF 626m” /g, BEWE B 4T M 4y BORN [ E NI 4 K kL
. 7E 4-NP fE{b 8 )57 52 5 v, HCPs-DPPM-Ni %
§14# 4k ) (HCPs-DPPM-Ni, ,  HCPs-DPPM-Ni,_;
HCPs-DPPM-Ni, ;) 7£ 2 b it B ohy 25°C , 4-NP ] 1R
W 0. 5mmol/L i}, HCPs-DPPM-Ni 4 1k 71 il
AfEH 0.83mg/mL.NaBH, i1 A& K 0.125mol/L
()25 F T R 10min 26 B &8 0 i 4 Ab R L # 4k
FAREEN T 23.2% .62, 1% F1 99. 6% ., {HZAHF
LA % HCPs-DPPM-Ni 2 51 4 4k 7 1% 1 AE 1 ik
— B WFIE A4 T RE 1Y e Al BIL T 5 e i Ak RIS P
() AP R 2R L 3 A 2 A B 5T AT BA 42 T ke BT i 1
TAEZ—. ML TEGEZ M E, HCPs #EHE £
AH A Ak ST S R T U R Y PR BT, v e R AR
B SR B 0 AT 4 0 LB 2549 i 5 e Ak
PR oL 5| T kB 2 R AR 1 H DO .

2% UMk

[1] Jiang Z, Xie J, Jiang D, et al. Modifiers-assisted formation of
nickel nanoparticles and their catalytic application to p-nitro-
phenol reduction[ ]J].Cryst Eng Comm,2012,15:560-569.

[ 2] Pan H.Liu D,Hu N, et al. Hyperbranched polymer-protected
gold nanoparticles well-dispersed in different organic sol-
vents: preparation and their catalytic applications to 4-nitro-
phenol reduction[ ] ].Colloid and Polymer Science,2015,293
2017-2026.

(3] Zoiil, M, A 24 Bi/Fes O i A NaBH, i J5 K 34 i
BRI T )AL TFRE 2016, 36 : 36-40.

[4]

[5]

[6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Xia J, He G, Zhang L, et al. Hydrogenation of nitrophenols
catalyzed by carbon black-supported nickel nanoparticles un-
der mild conditions[ J]. Applied Catalysis B: Environmental,
2016,180:408-415.
Feng J,Su L,Ma Y,et al.CuFe; O, magnetic nanoparticles: a
simple and efficient catalyst for the reduction of nitrophenol
[J].Chemical Engineering Journal,2013,221:16-24.
Sreekanth D, Sivaramakrishna D, Himabindu V., et al. Ther-
mophilic degradation of phenolic compounds in lab scale hy-
brid up flow anaerobic sludge blanket reactors[ ]J].Journal of
Hazardous Materials,2009,164:1532-1539.
Dong Z,Le X, Dong C,et al. Ni@ Pd core-shell nanoparticles
modified fibrous silica nanospheres as highly efficient and re-
coverable catalyst for reduction of 4-nitrophenol and hydrode-
chlorination of 4-chlorophenol[ ] ]. Applied Catalysis B: Envi-
ronmental,2015,162:372-380.
SRy SRR AR IH L AR BT 4 Ag/Fes Oy KA
I JEX B R 0 (M RE LT ). Tl %2 42 5 IR AR L 2017,43:21-23.
Ding J,Chen L,Shao R,et al.Catalytic hydrogenation of p-ni-
trophenol to produce p-aminophenol over a nickel catalyst
supported on active carbon[J].Reaction Kinetics, Mechanisms
and Catalysis,2012,106:225-232.
Abd El Maksod 1T H, Saleh T S.The use of nano supported
nickel catalyst in reduction of p-nitrophenol using hydrazine
as hydrogen donor[]J].Green Chemistry Letters and Reviews,
2010,3:127-134.
Liu H,Deng J.Li W.Synthesis of nickel nanoparticles suppor-
ted on boehmite for selective hydrogenation of p-nitrophenol
and p-chloronitrobenzene [ J ], Catalysis Letters, 2010, 137
261-266.
EIBELL, 5 o Hk L A5 TC AL 300 TR ) 45 JjE R D RE Ak Pd/C ik
7 B FL R LT ). 85 A7 A A 22 2441 . 2017, 38 : 1619-1626.
Yang Y, Li X, Yang F, et al. New route toward integrating
large nickel nanocrystals onto mesoporous carbons[ J]. Ap-
plied Catalysis B: Environmental,2015,165:94-102.
Li XZ,WuK L, Ye Y,et al. Gas-assisted growth of boron-
doped nickel nanotube arrays:rapid synthesis,growth mecha-
nisms,tunable magnetic properties,and super-efficient reduc-
tion of 4-nitrophenol[]J].Nanoscale,2013,5:3648-3653.
BRI BT AN KR A A 1 SR ST SO T 5 K H oy i A
WAL D] JE 8 - L R4 . 2017,
Fontanals N, Marcé R M, Borrull F, et al. Hypercrosslinked
materials: preparation, characterisation and applications[ ] ].
Polymer Chemistry,2015,6:7231-7244.
TR G RL BB ML R GO R L] AL %R,
2015,73:530-540.
Tan L. X, Tan B E.Hypercrosslinked porous polymer materi-
als: design, synthesis. and applications[ J ]. Chemical Society
Reviews,2017,46:3322-3356.
2R TR AL IR S AR ) g B T LD s A R
i K2.2012.
Li BY,Guan Z H,Wang W,et al.Highly dispersed pd catalyst
locked in knitting aryl network polymers for Suzuki-Miyaura
coupling reactions of aryl chlorides in aqueous media[ J]. Ad-
vanced Materials,2012,24:3390-3395.
H %, T L 382, A5 U T i ) A B 4 KR R L AL AR
)], eE K 24R . 2007, 38.:1063-1066.
Wrfs B #:2018-01-29
&7 H#:2018-03-20





