F32E PF el
2018 4F 12 A

T
JOURNAL OF MOLECULAR CATALYSIS(CHINA) Dec. 2018

it Vol.32,No.6

XEHRS: 1001-3555(2018) 06-0540-06

= P4 F IR AL R GRS ) H B BT

>>1,2 = 1,2
E F, e,

EXZ?, ekt Ao el

(1. VLA R A2 Tk A IR SRR, V175 BEilE 226600
2. TR dokHEa: TRE R E S0 % b TR, 175 M At 210009)

fE: 7BILLHY, HB, HMOR SARHA, SHHKE A | SRR G, SRAPLIRET ikl & 4 5, R XRD | N,
Sk WK RS -JBE B (N, -sorption)) | NH,-TPD | MEBERS FYELAMIGHE ( Py-IR) 804 TBOAEAT3RAE , $R0F 1T v Ren 22
5, HR I E R NL A% 545 T L i AT 00 6 e 4 5 ) — R S L AP RE. A5 2R R, 00 i o i
PTG A PRE AR, BRSO RERE I AN K 7 O FLAR X Mk A B 5 m , B/ FLAR AN A
T IRIR R R, BEAR T AR IR R, PRI, PR R R R A 45 ) R e A TR N R R
JEURIALIE R X 48 g e A 4 R — 8 e e8P ) 2 MR R AL A A A

KBIR: RME, TORRE; AT FLEEH FRIERT
FESES: 0643 XEARER . A

TORME (DPA) S —FhEE B AR A HLAL TR
BE, TEXELRRE R | AR Bl 500 S B 24 v (A S5 4T
W EAARE T IZ BN TR A e L T
AR i AR R R BR AR AR TR e
SRR AT SRR B A R MR I AR A
DAL, ARME 248 G B ROV SR A2
IAEAR B A RE R, 2 HATE NS
2R 2k e A r= k™

IR A i R R R PR, F TR B
4Gl ORRR AL =2 ALCL, | BF, % K1k
PO T A AR R M O e
Tk Al A 7 v e R FH B R e 4 e AR 3R ol = Sk
B AN AS AR R, (HJE = EAR R TR B T Y
H, HAEA = FEEE 5 X 48 15 BB ok, B I 1 3
PEPERRART . A A Ve M AT, TEPR R &
SN, H AT AR B ) — R e e, (R AL
B RIRE 2 X6 2 0 4 3 8 ol LA AR 700 43 25 IR
M. SR I EAAR AR S A e 4 5 Ak 500 A 3% M A
%, SR FERT (450 °C) , Tl v A8 e i) 34
fEMRE, SRR Ao ™. HFimEA R
SRR R | R Y Ll R TR R AT O A A R A I

s HEA. 2018-08-30; f&E HHA: 2018-10-09.

YERR AR G A, BAA S . BiR™=
S, = =TI I 1 8 | I S B A S 3y = L
Hronec' " X FLAHF 5 AS [7] 43— 0 040 % Ji 4 45 A ok
g, &I HB 43T HAT B4 0 36 M A R e e B
PR, AR, FRATTIRE L SR FH i 2] ok AR 2% 1T 35 4 7
HBhASE I Em s T AN LAY HB 4r T, I
HEL T A fLEE T T 2R M 4 6 i Z 2R B M B 17 52
M, I FLALIE AT LA 3 46 A Ak 7] P 4% ok
R SR ARG R e M, X R T A AL
TSR AR Rt A B R

FATEE T HB, HMOR Fil HY iX 3 Fh H A A
A FLIE 2546 1) o F O VR A B, SRR A | R
IR A, 38 o HUARES & ), SR XRD |
N, S5 B - IR . NH,-TPD | WHRE W B 21 40 1% 45
A3 BT BOW T RAE , XF HWFSE AR R4 T e 1k
JoT FAFLIE A5 R X6 R Bie A 6 ) — R e vy fe kv fg
s AT

1 LI EH

1.1 SRI&KF
HY (Si0,/Al,0,=5), HB(Si0,/Al,0,=25),

EE&WME: BEXBHRB 4 H T34 (21306089) ( This research was supported by the National Natural Science Foundation of China ( No.

21306089) ).

EERN. 15, B, BiEoad, NEZHAUEERI0N AR, St XL 58 (WANG Yu, man, Postgraduate student, Study on synthesis,

modification and application of multistage porous catalysts) .

w TIREE RN, Tel:025-83172298 ; E-mail : qct@ njtech.edu.cn.



%6

FOTEE TR N A ) R MRS 541

HMOR (Si0,/Al,0,=25) 43 F i ¥ 0 Tk 9%, B
KA RIA BRA R KA, b, 48°F
5B MR R BR A |5 48 1 e (1 3 & 20%
(ERAESL)), BB ARAR,; AR, g
99.99% , F AR RAT IR A F]; R, 4l 99%
(FREAE) , 1L AL 2E T A BR ST A A,

1.2 ENFIH &

H5eH HY, HB F1 HMOR 4311 5 Mk 48
A11E 100 CHEAR PN T4 24 h. 23 51 100 g 430
514 g BIKEEA TR G, B 80 g MR AT
TR RIS Y, VR ARG 45 50 3 s R T,
WIS AT 70 40 I BIIR A, S5 T i o 25 11K
B2 RS B B AR TR 2R . 1 A AL 7 #E 100
CHAEN T 24 h, SRJ57E 550 C A% 3 h 155
HEART. KR FH HY, HB Fl HMOR A6 ) B4 8%
255 BT A5 4 1k 7 4 1G4 HY-Cat, HB-Cat F
HMOR-Cat.

1.3 EAFIRAE

P4 F) RE & R JH SarmtLab TM 9KW 437 54X
(Rigaku 2~ ] ) XF H 4T XRD 4047, Yol R CuKe
AT, WA 0.154 nm, FHE 40 kV, EHT 100
mA, AT 20= 5°~80°, FEK 0.02°, A4
S 20°/min.

K H ASAP 2460 7145 F 0 FfF A ( Micromeritics
3l ) DU E A AL AR & A e 2 T AR FL &S 4. R
16200 C FEZS AL 2 h, 7E-196 °C T #1745
BRI, SR t-plot BeitBRE M A L AT
FURFLAAF.

FE S BB YE R ] AutoChem 1T 2920 4> [ 3h 72
T TR AL 2 W% JFH Y ( 2 [E Micromeritics 2\ 7 ) g ,
W B A NH,-He IRA A (NH,/He=1/9, v/v), &
i Z AR, R 35 [ Nicolet 24 H] 1850 Y41
AN IEAL5E Y Pyridine FTIR 525
1.4 EFEHETN

SR FH [T 22 R B INE #5 VAN A 700 %) 2R e 4 i —
IR AT RE. RN AR U BRI R N A, Ak
FIREHE PIAE N 20 mm , 4 BHAEALF (100 mL) 2%
WAE SO A B, SO BE R RIAE 320 °C. FE SN
I, 161255 B Pl A ZU/SE 2 MPa; JFORFEERHELL 0.265
mL/min [ B0 8 = R R A RO S, SR A
B RN A 0 FEL ) A ke 6 FL AT in BRI
FasE 8 h e R AT I, SO, U F AR FBORE
AR A PR, ROV R SR FFE 1.9~2.1 MPa, &

SR ERL BN I AF e v S .

SR FH I 46 SR i Xt S 4 e P R AT oA
FEIR R 200 °C, Ha il # EAE 2R IR E O 280 C. W)
FE TR R IE AU —3%, THRARCE .
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2.1 BRHEEH

Kl 1 2R 3 a5 B S B AL 9 XRD
e, & 1 AT LAE S, HB, HMOR #l HY 54 B
X R bR E R R X BB (JCPDS-Card: 47-0183;
43-0171; 12-0228) , 3 B30 5 52 AH LY. 53 F Ui
RRIEAT e, HL 280 3% 2 e 2 J5 FLARRAE AT 5 0
R IVAT 7 e o el | i Y Ay DR R STk Qe T
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Fig.1 XRD patterns of zeolites and catalysts

RS B 1= DR WS V- VR 7/ IR/ 1 S e BN
FHIE, J3F 0 LB 25 F % o 7 N9 BOR A B
Wa. FATERE T 3 Fh BAT -+ Zou LB S5 F Y AL
OrTOAEXTEEAITSE. 3 T o3 0 AR AT — 4 fL1E 45
¥y, Hoh HB 1B 2R S5 A W S fLIBE 454, —
ZALIEFLAE A 0.66 nmx0.67 nm, F5— 4% H #
2RIV A A 25 e A 5, LR 0.56
nmx0.56 nm; HMOR 43F- i & th -+ Z o HFLIE A\
TCIAALIEAH B A K, HALIE RAF o35 0.65
nmx0.7 nm, 0.34 nmx0.48 nm F10.26 nmXx0.57 nm;
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HY 50 F 0 A = 25 9 1 2 B A9 + e SR FLIE A8 AT,
HALERSFEI R 0.74 nmx0.74 nm, HEAH WL
F, O EAR N 1.23 nm. BAN, ARF57 G BAK
L 2 1 FRURI L 25 2 38 Ao 200 B IO B T 3 T A

HB, HMOR K& HY 43 fifi i) Lo & i BUR I by 755,
518 #1606 m> + ¢'. HB, HMOR } HY 4> ¥ HyfL
BN 0.45, 0.21 F10.32 em® - g7, 32 1 AR
AL ) 45 F 2 8. o E 1 AT AL, HB-Cat,

R1ELFHENSH

Table 1 Structural parameters of catalysts

Catalysts Syer/ (m® + g™") AS gt/ St reotive) / %0 V,/(em® - g7 AVo/ Vi reotive)/ %o
Hp 755 - 0.45 -
HB-Cat 411 46 0.13 71
HMOR 518 - 0.21 -
HMOR-Cat 353 32 0.13 38
HY 606 - 0.32 -
HY-Cat 546 10 0.19 41

HMOR-Cat } HY-Cat f# 1k 7 1 b 2% 11 B W
411, 353 f1546 m*> - g™'; FLA 514 0.13, 0.13 Fil
0.19 em® « g”'. MXFFXF R 4> F O, WAL
FUY Eb 2 AR AR R B (Y AL, FLAR A AT
TR AU/, DT L L 2 T RURNFL 2 T BRI
S T HF AU B RN T 4R B ALK AR A, U
KB A RER S IS TR NG 2336 284 10 B FLIE, Jr
PAREAR T HEALSR) Y L e i AURFL 2.
2.2 NH,-TPD

&2 3 FEALFI NH,-TPD i1k, 3 #hfitfk
AlfY NH,-TPD HiZR 2 H B 2 A1 2 in T T2 i 110 4%
o A B RRF . B ET 2 TR AR R Y NH,-TPD i 2k

T Gaussian e P IERLA, PTLLE H 200 C KA

S

=\
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& 2 #4657 NH,-TPD 2k
Fig.2 NH;-TPD profiles of catalysts

T8 B U T 1 T Ak R R THT A 55 182, 350 °C BHE /&5
i U Xof JO7 T A R0 2 T 0 rp s R EAT AR T
BT LAAS 3 3 B fb 0] SR f: LA K 55 R RN Fh SR R 1Y
ik, 3 i Ak ) SR B I BRI O HY -Cat
(2.15 mmol + g™') >HB-Cat (1.66 mmol - g') >
HMOR-Cat( 1.44 mmol - g™"). 3 i b5 1) 55 R
M E FMERAK Y HMOR-Cat (0.85 mmol - g™') >HY-
Cat (0.73 mmol - ¢g”') >HB-Cat(0.61 mmol - g™'),
3 At AL R Y rh s R A i B AR A HY -Cat
(1.42 mmol + g”') >HB-Cat (1.05 mmol - g”') >
HMOR-Cat(0.59 mmol + g™').

& 2 KRB E IR
Table 2 Acidic data of catalysts

Acid amount /(mmol - g™")

Catalysts T enis” Promsted
Total  peak I  peak Il
HpB-Cat 1.66 0.61 1.05 4.26
HMOR-Cat 1.44 0.85 0.59 1.43
HY-Cat 2.15 0.73 1.42 2.13

2.3 Pyridine FTIR

K 3k 3 Fi ALY Pyridine FTIR 3%, Pyri-
dine FT-IR 7] LA 5E 4 46 57 R v Y 26 A8 Horp
1450 cm™ Ab IR Lewis FRHPLY, 1540 em™ &b fyig
A Bronsted FEH.0>, 1490 em ™' ALY A Lewis 2 1

Bronsted [ i [) £F FHT I 1 90 A Wi fig i) ¢y 1] 3 T
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Fig.3 Pyridine FTIR spectra of catalysts

U, 3 A Ak R A I BE U B FTIR 35 1 WP A7 AE 1540
em W (HEEFEAES, UL 3 A iEfL 7] T Bronsted
1% S A T 1450 em ™ bW AT DARA 3 A
AL Lewis TR & %, LA Lewis FR A £. HAK
THE 3 FMBALFIEY n, /e 20 4,26, 1.43 F01
2.13.
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Table 3 The catalytic performance of different catalysts in aniline condensation

Selectivity/ %
Catalysts Conversion/ %
Lightcomponent® Diphenylamine Heavycomponent”
HpB-Cat 16.1 2.36 95.83 1.81
HMOR-Cat 9.8 6.95 89.62 3.43
HY-Cat 17.4 2.2 96.28 1.52

a. Methyl pyridine, P-toluidine and 4-Ethylaniline; b. Cumidine, Acridine, Indole, 4-Aminobiphenyl and Benzopyridine

B FMRAR Y N HY -Cat(17.4%) >HB-Cat(16.1%) >
HMOR-Cat(9.8% ). H. 3 i k550 T 28 i i i
PEVERRES, 73900 HY-Cat(96% ) . HB-Cat(95%)
F1 HMOR-Cat(89% ). /=¥ R T KB hh b AL 45
DR oy (TR BENEE | X R DR i IO 2 3R e )
HELH 3 (OO S A | WY iE | gl | 4-Z BRI
Frngsmik) | TR ORI SRR AE N Kk
FEI RS A R N AR R, WT LA Y Bl A 3 L
RE RS, Bl rE e REPEREAL. X) HY-Cat, HB-Cat
F1 HMOR-Cat 3X 3 i b ) 547 50 h A2 P 58 56
MK, FEOE MR ZE A& 4 Fros. REREE K0 AY
HEAT, 3 FIEALT S AL R RN P 2 78 A8/ 115
W, ¥R R AR AR e k.

S5G 3 PR FRAEEE A0 At g A4,
ATRAE . (1) 43 F 0 s i Lo 2R AR =F & i 3R
TR PR s, AR s A Ak 7 A B i i
FRRETE; (2) RGP A JoE PEAE ],
FRASTRIXNHEAL PERESE AN K5 (3) R B R e 1y
S HR S FIfifLARRN R, 4 FififLA Xt

60 100
F_WW—A
50 vV V- v |
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g -~v-HMOR - HMOR 2
z 4170 %
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Fig.4 Stability test of catalysts for aniline condensation
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Catalytic Performance of Three kinds of Zeolites in

Aniline Condensation to Diphenylamine

WANG Yu'?, XU Xiao-liang'*, WANG Yi-ren’, FEI Zhao-yang®, QIAO Xu’
(1. Jiangsu Fetya Chemical Industry Co. Lid., Nantong 226600, China;
2. State Key Laboratory of Materials Oriented Chemical Engineering, College of

Chemical Engineering, Nanjing Tech University, Nanjing 210009, China)

Abstract; HY, HB and HMOR were used as matrix, mixed with pseudoboehmite and aluminium sol respectively.

The catalysts were prepared by mechanical extrusion method. The catalysts were characterized by XRD, N,-sorp-

tion, NH,-TPD and pyridine adsorption infrared spectroscopy (Py-IR). The experiment of aniline condensation to

diphenylamine was carried out in a fix-bed reactor to evaluate the catalytic activity of prepared catalyst. The results

show that the strong acid in the zeolite plays a decisive role in the activity of the catalyst, the type of acid has weak

effect on the catalytic performance; the pore size of the zeolite has a significant effect on the selectivity of dipheny-

lamine, and the smaller pore size is not conducive to the formation and diffusion of diphenylamine, reducing the

selectivity of the target product. Therefore, the effects of acidity and pore size on the conversion of aniline and the

selectivity of diphenylamine should be importast point when designing and selecting the catalyst for diphenylamine

condensation.

Key words: aniline; diphenylamine; zeolite; pore structure; acidity



