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Preparation of Pt-AI/MCM-41 Catalyst for Synthesis of Organosilicon Synergist
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Abstract: The supported Pt-Al/MCM-41 catalyst was prepared by using mesoporous silica MCM-41 as the carrier
and AICl; as the accelerator. The structure, morphology of catalyst and intermetallic force were systematically
characterized by fourier transform infrared spectroscopy (FTIR), N, adsorption-desorption, X-ray diffraction assay
(XRD), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), inductively coupled
plasma (ICP). The effects of various amount of Al on the structure of the catalyst and the intermetallic force were
discussed, and the catalytic application in hydrosilylation of allyl polyether (PGAE) and heptamethyltrisiloxane
(MD"M) was investigated. The results show that the dosage of Al had a certain effect on the structure and
ordering degree of the catalyst, and the specific surface area, pore volume and order degree decrease with the
increase of Al content. Besides, addition of a certain amount of Al is beneficial to improve the dispersion and
decreases size of platinum particle. Pt;Al/MCM-41 has excellent reusability, which could be reused six times
without significant loss of activity and the conversion of MD"M is above 90%, The synergist was synthesized with

npcae/n, . =1.1 in the presence of 0.5% catalyst at 100 °C for 4 h.

MD M

Keywords: MCM-41; catalyst; aluminum chloride; organosilicon synergist

ks A1 .2017-12-24, oie i B 497.2018-03-01,
E XK H AR E A (No.21476272) ) 48 H SRR #8443 (No.2015A030313595) ) A A FHET I H (No.2014A010105049 ,2015A040404044) |
i Al TR 2% g WF 59 A6 B BT B 42 (No. KJCX2017004) FHEL M 7 A 75 X% 55 H (No.2015A01007) %% Bl

SEEB RN, E-mail :wbhu2000@163.com ; hongjunzhou@163.com



934 Jd Hl fk

#o% 4R %34 %

0 35l

A HLEE RO E— 2 LR O SR R
FEIRESE AN E AR N &S TS
Py R ELA e A IR R DL R IR
VWL 9K T SR, BEIE A SO S K A&
i DL RIS g Bz N T AROE S
B I AT ML 1 AR e 2 AR AR R 1 EURE e
s J TR 18 el S0 s s R TG Al 47 A £k 5
JEIZ RN ) EE BT | B A R 2 R A A ) A A
()5 7= Py e LA Ay B ASRE S A0 | B 4 )8 ik 5
EFIE

I LRk PR LA R A i R 1 R b e T
FRURIALAE A7 1 FLIE A5 0 Ao n] 15 Sk i Ak 7 1
RAF R0 WF5E & B, B 480 PR 4 T kAR 7 TP i
SIBA G RAERR | SEEALAE M, SR T
IR E S A Ak 0 R 4 Rl A AE PR IR D mT Ak
/b4 Ja (R AT 2R O v A Ak TR T R B 5 M Ah
PR 2 PR R L], I R AR A ROR)
R PEACH AN Zhang S5 T PACu/Sio, fiE ik
), I R A Ak feE S0 B R R 45 R R PdCu/
Si0, HAT RAFMse 80 | ik s e e M, M
SR £ T PrCu/C AR TR i AL R 20 R = 2 SR
RELE I AL S IV 5 45 SRR, Cu 51 A PyC i 1L 7
Mo AL P Re S 2 P, H A RIAFR R rE RS
M, AR X4 A A 7 1 T Ak R S AR
RN CAHIE, BAERSRaELRITEIA Al TR
il 28 R4 S AR ) I 07 HH T ek U s R Rz ok B
ML 348 350 5) A AF 9 30 i DL i

A SCLL A il MCM-41 R 2044 | AICL, R A2 2E 51
il % 7 Pt-Al/MCM-41 #4657, >R HI FTIR (N, W Fff -
JiL B XRD . TEM XPS ICP X} H4544 | JE 5 fil 4 &
VR 1047 T RAE | I8 0 T 6 A PLRE 3
R BT E S SRR TE R AT RN YW Y
Bt 52 Rz B2 0k B Ak ) R ke -b R O —
Ut AL R 0 e R R A T A
il 5t PE RE O S5 19 A LR 38 8GR
1 LEES
11 ERENE

7S e = IR AL B (CTAB) 20K | IF i 2

LBR(TEOS)  TE7K LB (3 Ry 43 Hr 2l, REE T K %Ak
2GRN T 7S KA SRR (B 4l | 1 22 T 3 Ak 2

][/

A IRA T TEAKEAER 3A 57 F i (B R o i él, K
HETT AR R AR R MR (o Mgl ) N A2 R
Iy, LW EEREELE (MDIM), R L AR N AR
T (PGAE) (3120 Tl g, 5 MR AT A LB A A7 BR
NEINE

Spectrum100 %Y ff BL - 21 4p S 3% L, 3
PerkinElmer 2\ 7] ; Quadrasorb ST 7Y %0 < W& B — I B
1, 22 B FEEALER A 7] ;D8 Advance B X G2 AT 5t
A, 78 A 5 A AT AR A B Tecnai G2 F20 Y35
ST W5, 26 E FEI A A ;Thermo ESCALAB
250X1 %4 X G2t i FRETE AN, 35 E FE AR A R
FABRA A Agilent725 HY oL BGHE A 45 B 11K & 55
FEREAY, 35 E L AR A 7] Avance [T HD500 Y 4% 1
PRI, J6 5T Bruker FHEA BRAH]

1.2 N 7LEE MCM-41 B 5 &

ATA 1.0 g CTAB 100 mL ZE {8 /K Fl 70 mL ¥
KT =B8R 1E 60 CHEIRBEFE 1 h JFIA
5 g TEOS, 4k2L4+ 7 h J5 45 1k S 0y, 8 T 3
fb b ug Ve T, SRS 200 mL R AL £ B R
(ViwtV o m=1:20) % BRG] CTAB, Ve 2=k,
FET 400 C NGB 2 h, HIAE A FLEE MCM-41, % 1,
1.3 Pt-A/MCM-41 #4571 &l &

1.3.1 PyYMCM-41 #1671 il &

FREL 2.0 ¢ GBI A FLEEFN 35 mL OB (%4
Ji K A B BT = B AR 0.5 h JE LA
15 mL @R - WA W, 7E 75 CFHiHE 10 h, i
JE L HET 1S PUMCM-41 fiEfL 7
1.3.2  Pt-Al/MCM-41 46551 1) 1 5

FRIC2.0 ¢ Z3E B fLAEF 35 mL £ FF (4
Ji K b # BT = H BT AR 05 h J5 A
15 mL SRR - L BRI, 1675 CTFHHE 10 h, 7
R s/ SR CBEZE T, SR IA 20 mL SAL 4R -
LBV WM 30 mL B B FE 10 b, 2 0k 6T i
5 P-AUMCM-41 HEALH] 2 BOR[R] Y Pr-AL P 5t Y
W (npeng=1:1.1:2 1:4 F1 1:8) 7] 15 Pt,Al/MCM-
41 Py,AL/MCM-41 Py, AL/MCM-41 F1 Pr,AlyMCM-41
AL,

1.4 SR

I FH AR B 21 S0 53 A 53 A A Ak 50 R A BILRE
BRGNER , R KBr R s IR, AT N,
6 — 38 RS R i 1 e e T AL A AR L FLAR Ay
MEESH KRS E T 150 C TR 12 h, 2R JE 78
—196 C.IM 28 H: 15z By — B BiE 45 i 2 5 R X5 e At 5



%5

5 75 22 45 . Pi-AUUMCM-4 1 AE 4570 5 ) 85 KAk 5 A AILRE B8 200571

935

IS B AR A S5 48, IF T Scherrer 22205
Pt s kL KN SR AR AR Koo 974k (0 =0.154 1 nm),
TAEHLE R 40 KV, B HL R 20 mA | FHHEHE R 20
-min”!, FHEE 20=1.5°~10°F1 30°~90° ; F| FH i 5
FL - 8 B ORE Pu ol A TR 800 RO B R/ TARE A
JE2R 200 KV, A& E T I0K B S 5
THAEH W 1 B 5 B AR I X S
RETE AT & I8 S A FLaEZ I ME R 71, SR Al Ka
126 (1=0.833 9 nm), PJFEH 200 W, TAEH N 15
kV, 53BN 0.7 eV R LB A 55 B TR & 5
DT AN AR R BRI R A R
AL AT A MILTE 34 2] B 4544
1.5 BAHEEEFNER

W — 2 w0 -E 3 =k U M PLAL/MCM-41
AT E T = DB, #E 80 CRIA LRI F ol
F£ 0.5 h, FF il T 2 BUE R R RE IR =
Pt A PN BE T | 45 R I B3R 1 drop -s™! 3 T N 98 S
N — B ) Ul ZE 08 R IR A R R 8
HR AR ) RDAS A BLAE 3 25

2 HRSIE
2.1 FTIR &4

1 A MCM-41 Pt-AI/MCM-41 #4E 51 19 FITR
B, WE TR, 163 432 A1 635 em™ Ak AWz ki
-OH WIRHIEVE | 76 1 082 F1 803 em™ Ab iy MR i
h Si-0-Si FE (4 fif 45 4z 0 115190, X L PyMCM-41 4
RS T A, M5l A Al TR, 7E 2 508
1242 em™ Kb BT FRAEIE | 2 B2 AL-OH 1) 2
R Bl T AL-O- AL B 10 R XoF A i 45 41 8 0607 i
FIAAl BB RMIEZ ) 752 508 F11 242 cm™
Qb H 0 AR AR U R R 2 3 RT 28 R L

- / 2508
a: MCM-41
b: PUMCM-41
c: Pt AL/MCM-41
d: PLAL/MCM-41
&: Pt AL/MCM-41 i
£ PLAL/MCM-41 1 242\

4000 3500 3000 2500 2000 1500 1000
‘Wavenumber / cm™

MCM-41 AL FTIR &
FTIR spectra of MCM-41 and catalysts

T HRMEAA
2.2 N, W Bt —Rit Bt 53 4

Bl 2 4 MCM-41 . Pt-Al/MCM-41 f#4E 519 N, 1
hF — ot B <5 7 2 1l B A I ) L AR A BT, T 2(A)
AN BT A DU RE o 1 S5 R 2619 J8 T Langmuir IV 7Y
HEA H1 BTG Ui 8 T A LA s A
FLAE MCM-41 55 i 28 76 A0 X 6 J3 /N F 0.2 1 X i)
A, IR B 34 s R T AE AR 7 R 0.3~0.5 7
FEL P, LW B i i L B X R B T A fLAE R AL E
PALEE IR B A0 A B SR BT 7 A LR I 2(B)
AT RS FLAR S AT LU AR TR LA ALY Py
MCM-41 fEfb 7, 2o 2% 1 ARFNFL A BRI A i R R
HBEEE Al & A3, P-Al/MCM-41 #4658 19 L
T AL RARE L TR, XOEE N AL s T
A FLAE (4 FL T8 768 1 Ak 500 9 FL &85 ) 2 AR AR fh o
2.3 XRD ##f

3 N MCM-41 Pt-AI/MCM-41 f#4£ 5 () XRD
K, MR¥E Scherrer AT Pr b RLAR KN | 25

500

&l 1
Fig.1

700 2.0
—=—MCM-41 g
—&—Pt/MCM-41 8
600 | —A—Pt,Al,/MCM-41 —®—MCM-41
—¥—Pt,AL/MCM-41 R 1.6 a PVMIC/]I‘\/IIIZ“ .
~ 500~ PtAL/MCM-41 a4 —A—PtAl/MCM-41
5 —<—Pt Al/MCM-41 g —¥— Pt,AL/MCM-41
4 =25 —&— Pt Al/MCM-41
S 400 2 104 —<—Pt Al/MCM-41
Z E L
o =
o
£ 3001 S 0381
S é 0.6
2004 04
100 *) 0.2
T T T T T T 00
0.0 0.2 0.4 0.6 0.8 1.0 0 5 10 15 20 25 30
P/P Pore diameter / nm

B2 MCM-41 HEALF AT N, W B -8 BE 55 TR 2k 11 (A) FIL AR 43 A 1] (B)
Fig.2 Nitrogen adsorption-desorption isotherms (A) and pore size distribution (B) of MCM-41 and catalysts



&
r
gl

936 I A

F1 MCM-41 FMEXFINILEESE
Table 1 Pore structural parameters of MCM-41 and catalysts

Average pore Pore volume /

Sample Sper / (m?+g™) e/ (o) dany, xep / nm* dooy, xep / nm® dp, ey / nm*
MCM-41 984 3.0 0.4 — — —
PUMCM-41 856 3.0 0.2 44 32 3.7
Py, AL/MCM-41 812 3.0 0.2 34 2.8 33
Pt AL/MCM-41 637 3.0 0.1 34 2.6 3.2
Pt Al/MCM-41 543 3.0 0.1 5.6 5.0 5.5
Pt AlyMCM-41 227 3.0 0.1 6.5 52 6.1

*dny, xwos Ao, xio: diameter of Pt(111) and Pt(200) estimated using the Scherrer formula; dpn my: average diameter of platinum

particle from TEM photograph.
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Fig.3 Small angle (A) and wide angle (B) XRD patterns of MCM-41 and catalysts
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Table 2 Binding energy of Pt and Al in different catalysts

Type Pt/MCM-41 Pt,Al/MCM-41 Pt,AL/MCM-41 Pt,AlL/MCM-41 Pt,AlyMCM-41
Pidfs, 76.3 eV 75.9 eV 75.8 eV 75.5 eV 75.4 eV
Pidfsn 73.1 eV 73.2 eV 73.3 eV 74.0 eV 74.0 eV
Al2p — 72.3 eV 72.6 eV 72.2 eV 72.3 eV
Al2s — 120.0 eV 120.1 eV 120.3 eV 120.4 eV
Mass fraction of Al / % — 0.80 1.34 2.64 5.12
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AL JGER [ 5(B)I XPS T 28 5p 1 Ak B 5 13- 21 3 441 : i
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eV, TE Al2p At 7455 fe 4kl o 72.3.72.6,
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Table 3 Result of the effect of reaction conditions on conversion

Column number

Test
number (A, Temperatue) (B, Time) (C, Molar ratio) (D, e 1 (wrcaetwyg iy )) Conversion / % TOF / h™!
1 1(105 °C) 1(4.5 h) 1(0.9) 1(0.6%) 84.3 1479
2 2(4.0 h) 2(1.0) 2(0.5%) 90.6 2011
3 3(3.5h) 3(1.1) 3(0.7%) 78.3 1334
4 2(95 C) 1 2 3 84.6 1192
5 2 3 1 89.8 1562
6 3 1 2 75.9 2 055
7 3(100 <C) 1 3 2 93.8 1 740
8 2 1 3 92.5 1565
9 3 2 1 81.7 1727
K, 253.2 262.7 252.7 255.8
K, 250.3 2729 256.9 260.3
K; 268.0 2359 2619 2554
ke 84.4 87.6 84.2 85.3
k> 834 91.0 85.6 86.8
ks 89.3 78.6 87.3 85.1
Range (R) 5.9 12.4 3.1 1.7
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