R AS: 10384 DRSS _ER_
5. UbC____

B R}
i+ % i w X

BEMRAEE Ay BERNBFZRS
Stk MBS

A study of sulfonated activated carbon-supported gold
catalyst for acetylene hydrochlorination

F &
W/FHITFHEL: A% K&, BHF H#E
el FIREL: X HRIAZ)T
Aol F I #4E: EHEHFIEARBRA AR S
+ & & AR b F A
WXRI A H: 2017 5 05 A
W SLEFFE A : 2017 % 05 A
FRTFAH: 20175 A

BRE PR
FOE A

2017 5 H






A study of sulfonated activated carbon-supported gold

catalyst for acetylene hydrochlorination

Yan Yin

Supervisor:  Professor Youzhu Yuan
Senior Engineer Wenzhi Lu

Dr. Xinping Duan

State Key Laboratory of Physical Chemistry of Solid Surfaces
and National Engineering Laboratory for Green Chemical
Production of Alcohols-Ethers-Esters
College of Chemistry and Chemical Engineering

Departmen of Chemical and Biochemical Engineering

Xiamen University

May, 2017






BIIXFFAIL R 614 R

ANEZWAARSGEANAE IR T T, JSL5E A TR o
ANEWR G S5 HA A NBEER D2 R I RCR » BIAESC
P& 27 AR ], IR AT SR ERNE AT (T TR A s A R

BITE GRATODo

T AL SN JURALCAD
HIBTTERER, RS ( ) PR () 2 PR ESEL S Y
pilh, fE ( ) SERESE M. GBS NEER

R B 5T N BSRIS EAAPR, ARATBCTIUS B N A, T ARy

D

FIAN (8542):
£ A H






BIXRFFCLL X ERUER AR

AN FE TR AR (PR N RN 22 67 26 61 247 S 70D
FERE TR A B 2218 S, FF ) T8 AR 1] B AR e MU IE S AL
W CRFRARTRAN B FhO, SR AR SO TR B AR 1
A PER A ] A Pl o AR N R SR )R SR A 1 SN & [
it = S 7 V8 S A B B P AT AR AR, R SE S 1 SR A AT 7 B
G AR, SRASZEN S g e el Hoe Jr sUE BB il =7 ie 3

AR E T

( ) LA ITRARE L o i B8 IR AL 0,
¥ FO3 HEE, R REN LRl

( ) 2GR, iEH R R

G FE A _EAR RS 5 4Nl EAR R N2 o (R 20 SR
O ETRARER N EL AR, REF TR REER

S EREAIR SN AT . I RS 1), BIAA
NIFANLR L, B8 EIR R

Sln

FHN (8542):
£ H H






H

H %
B B e I
ADSTACT ..o 11
g = 1
L1 BT B oottt ettt 1
A Wy - 1 a1 ) OO 3
1.2.1 BB BIERALIE T oo 4
1.2.2 GLIBTITIR oo st 4
1.2.3 S LIBHITENE GBI VA oo 5
1.3 ETIREFTHIR oo 6
131 LBV oot 6
1.3.2 U oot 8
1.3.3 2RI oo 9
1.3.4  “TEBIVET oot 10
1.3.5 ATV i 12
1.4 ZHEEREWTIIGTIIR .o 12
1AL FEAFIE LT oot 13
182 TBFHIEALTI ccovvoeeeeeeeee e 15
LA3 BT oo 17
15 CHEEEHEWT oo 17
151 AU FEBEALTIEIHLERIT FT oo 17
1.5.2 AU FEMEALTIIIAL oo 18
1.5.2.1 AUAC FEAETIEIBITI oovoecceee e 18
1.5.2.2 AUWAC FELE TR ©.ooooeeeeeeeeee e 19
1.6 FATBEBISEEBEE ..o 21
A X a0 b OO 22



H

BEETTHER ..o 24
- =By — S 4L 5 OO 34
2.1 FERIIREER ..o 34
2.2 SEEETRIF SR ..o 34
2.3 B IR e 35
2.4 BEEFIBUBITE oo 36
2.4.1 3 “HRERAE AC SR AU HEALFUHIA oo 36
2.4.2 Tt AC B R GBI oo 37
2.4.3 BREREGME AC 7138 Ru, Pt, Pb, CufEALFAIHIA oo, 37
2.5 BEAEFITEMETEMT .ot 38
2.6 FEHIDATETTE .o 39
2.7 B RAEFIRIETTIE ..o 40
2.7.1 fRIE No ZFRIR B (No—AdSOIPtION) oot 40
2.7.2 X HHERRHEHETE (XRF) oo 41
2.7.3 FLE UL (RAMAN)...c. oo 41
2.7.4 X HHEMARATHT (XRD) oo 41
2.7.5 FBF T EREEL (TEM) oo 41
2.7.6 X HHEEHEHL T HETE (XPS) ot 42
2.7.7 BT CTGA) oot 42
2.7.8 FEFPFHEIETE (H2aTPR) oo 42
2.7.9 (B HHLLANEBIEIEASL (FToIR) e 43
2.7.00 FEFFHEBUT (CoHz-TPD) oo 43
2.7.11 FEFTHEILH (HCIETPD) oo 43
BEETTBR oo 44
PBEE BURMYERHEBR A EETINCHRSESHMRE. ... 45
B BB e 45
3.2 BEREITI oo 46
3.2.1 i ERERHFELME AC SR AUMBEAET o 46
3.2.2 TRBREAIE AC FEA AU EALT oo, 48



H

3.2.3 MRRELME AC 7132 Ru, Pt, Pb, CUMEALT oo, 51
B3 AREE NG oo 52
BETTHR ..o 54
BUE BRULEMRGIEE AuBUFRINSEWRIE.........ccoo e 56
A1 Bl B o 56
8.2 BEREGTTIL oot 56
4.2 N T B B0 T ettt ettt 56
8.2.2 FT=IR ZZAE oo et 57
4.2.3 RAMAN ZRTIE oottt ettt e tens 58
8,24 XRD ZRIEZIHT ovvrevverieeieiies st 59
825 TEM ZRAIE oot 63
8.2.8 XPS ZEAIE covooeveoeeeveesseeeseeee st e 64
8.2.7 Hoy=TPR ZRAE oottt 66
B.2.8 TG ZRIE covieieieieie ettt 67
4.2.9 HCI FIT CoHp-TPD c..viivisieeieseeeeseeeeeeeeseeenssssssss s 68
4.2.10 ARIBRYIFP G FEALF R IGE R IR e 70
B3ZREEINGE ..o 72
BB oo 73
BRE BMNGEH AuBERINELMREMBEE ... 76
Bl Bl e 76
5.2 ZHRESN R FHIERFZTEISTERIHT .ooooovveeee s 76
5.3 fE AC fi#l Au EUF EZREFLHIERHEFTRL ..o 81
5.3.1 firift, AC HIZRTH E Ae BIZH BAMIILAZENE (oo, 81
5.3.2 Ttk AC Bk Au IV PEF oA ANEE T v 82
5.4 #EL AC Fi# Au ERFIIZREFILR BT .....oooo 85
DD LIV o 93
BETTHR .o 94
g =R 96



H




Contents

Contents
ADSEract IN CRINESE ... I
Abstract iIN ENGHISN ..o, 11
Chapter 1 Ceneral INtroduCtion ..., 1
1.1 INEFOQUCTION ...tk 1
1.2 Introduction of ViNyl ChlOride ..., 3
1.2.1 The physical and chemical properties of vinyl chloride ............c.ccccoeeinnee. 4
1.2.2 The application of vinyl chloride...........cccccciiiiiiiciiii e 4
1.2.3 The toxicity and prevention of vinyl chloride............ccocooiiiiiiiniie, 5
1.3 The production technology of vinyl chloride. ..., 6
1.3.1 Ethane oxXyChlorination ............ccooiieiiiini e 6
1.3.2 EthANE PrOCESS ....evveiiiiieeiie ettt ettt teete e sre s 8
1.3.3 Hydrochlorination of acetylene...........cccoviiiiiiiiiiniic e, 9
1.3.4 “Jiangzhong Method”.........ccv i s 10
1.3.5 Other METhOT ..o s 12
1.4 Process of catalyst for acetylene hydrochlorination .............ccccocvoviiiicienn, 12
1.4.1 Solid CatalySIS SYSIEM ..ot 13
1.4.2 Liquid catalysSiS SYStEM ......ccviiiiiieii ettt 15
1.4.3 lonic liquid catalysis SYSIEM .........coeiiiiiiieicree e 17
1.5 Gold-base catalyst for hydrochlorination of acetylene..........c.cccocevvvievveinnne 17
1.5.1 Research on mechanism of gold catalyst ...........cccoovviiiiiieniinece 17
1.5.2 Research on optimization of gold catalyst ..............cccooveviiieiicce e 18
1.5.2.1 Assistant of AU/AC CatalYSES.........ooveiieriiiiiiericee e 18
1.5.2.2 Support of AU/AC CatalyStS ........oovieiiiiiiecie e 19
1.6 Objectives of ThiS TRESIS .....c.ccciiiiiiic et e 21
1.7 MAIN OUTIING. ... bbb 22



Contents

RETEIEINCES ...t 24
Chapter 2 EXperimental ... 34
2.1 Reaction MECHANISIM ..ot 34
2.2 Experimental MaterialS ..o 34
2.3 Instrument and EQUIPMENT.........ccouiiiiiieieie s 35
2.4 CatalySt Preparation .........cccccceiieie i 36

2.4.1 Gold catalyst preparation on the AC.........ccooveiieie i 36

2.4.2 AC supported gold catalysts preparation with sulfuric acid modification... 37

2.4.3 Catalysts preparation ofother metals.............cccovvevviiiiiiininiie e, 37
2.5 Activity evaluation of catalySt..........c.cccoeviiiiiiciicc e 37
2.6 Analysis and Calculation of Production.............cccviiiiiinnnnnneseeeees 39
2.7 Carrier and catalysts characterization methods.............ccccccvveviiiecicce e, 40
2.7.1 Lower temperature No—Adsorption/desopriion..........ccccoeveeerenenininiennen, 40
2.7.2 X—ray fluorescence (XRF) .....cccociiiiiiiiiiiiieiesie e 41
2.7.3 Raman SPectrum (RAMAN)........c.civueiuiiieieeie e s e see e ee e sre e e enee e 41
2.7.4 Power X—ray diffraction (XRD) ....cccociiiiiiiiiieiesesee e, 41
2.7.5 Transmission electron microscope (TEM) ..o, 41
2.7.6 X—ray photoelectron spectroscopy (XPS) .....ccccvviviiereiiiiererieieienieenen, 42
2.7.7 Thermogravimetric analysis (TGA) ..o, 42
2.7.8 Temperature programmed reduction (Hy—TPR) ..o, 42
2.7.9 Fourier transform infrared spectrometer (FT—IR) ....ccccooveiiiininiiiiinieen, 43
2.7.00 CoHo=TPD....oieee e 43
A 5t o [ L I I3 USSR 43
RETEIBINCES ... 44

Chapter 3 Acetylene hydrogenation Catalytic performance of

Sulfonated activated carbon supported Au catalyst............cccocooevrnnneee. 45
B L INTrOAUCTION ...t bbb 45
3.2 ReSUILS and TISCUSSION .......oviiiiiiiiiiiieiieiee e 46

3.2.1 Potassium peroxydisulfate modified AC-supported Au catalyst ................. 46

VI



Contents

3.2.2 Sulfuric acid modified AC supported Au catalyst..........cccooevennieeicniinnnn, 48
3.2.3 Sulfuric acid modified AC supported Ru, Pt, Pb, Cu catalyst .................... 51
3.3 CONCIUSION .ttt 52
RETEIEINCES ... bbbt 54

Chapter 4 Structural characterization of sulfonated activated carbon

SUPPOIrted AU CAtalYSES ... 56
A1 INTFOTUCTION ...ttt et 56
4.2 DISCUSSION......euteteitiete ettt etttk e bbbt b bt et e et e bbbt s e 56
A.2. 1 BET it 56
A.2.2 FT—IR e ettt S7
A.2.3 RAMAN ... 58
B.2.4 XRD ..o 59
A25 TEM oot 63
B.2.0 KPS ..o 63
A.2.7 HomTPR e 66
B.2.8 TG et 67
4.2.9 HCI=TPD and CoHo—TPD.....ccveiiiiiiie et 68
4.2.10 Different sulfur species for hydrochlorination .............ccceceviiiieiiiiennn, 70
4.3 CONCIUSIONS ...ttt 72
RETEIBIICES ...ttt bt 73

Chapter 5 Theoretical study on structure and structure-related of Au

catalyst supported on Carbon material ..............cccccooooevieiccvieccciecc, 76

B INEFOAUCTION ..ottt e e e et e e e e e e e 76

5.2 Literature analysis on the reaction mechanism for ethyne hydrochlorination76

5.3 Theoretical calculation and diSCUSSION..........ccceiiiiieiienenie e 81
5.3.1 Surface functional groups and their stability of sulfonated AC................... 81
5.3.2 The active sites and structure of sulfonated AC-support Au catalysts......... 82

5.4 Reaction mechanism of sulfonated AC-supported Au catalysts for ethyne

VII



Contents

hydroChlOriNALION ........cociiie e 85
5.5 CONCIUSIONS ...ttt bbbt 93
RETEIEINCES ... 94
Chapter 6 CONCIUSIONS........ccuiiiiiiiei e 96
LiSt OF PUBHCALION ... 98
ACKNOWIEAGEMENT ...t a et a e nreas 99

VIl



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

