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R AAHAT R AR ), JosK Na, CO,(UJITPY R
R THRAR), BRabral, BHKEM (&
fr, g Iv=130/100 g).
1.2 LTI

#—E B Ni(NO,) - 6H,0 Fl Mg(NO,) -
6H,0 TEREFE F A T 25 B oKk Hb, ) He v a2 % v Jn
Na,Si0, - 5H,0 VR NI : Si=1: 1(molar ratio) , %X
Ji F— 5 R B 1Y Na, CO, ¥ O 5 IR AR WY pH
fHZE 9~10, 60 C F#4k 1 h J5id g, HER K
Ve R pH=7, /3 nlREWRE 0, 2, 4, 6, 8 IRIVE
PEET 120 C N T4, PSRRI A LE 300 C
TREBE4 b, BT 400 CHE PP ETR TR
J52 h, SECTORAm A AL SR ICP-AES D754
B JE AR TR AL B A A AL R PR B A i, 4
SN VTR, Naf i Bl Y VA U8 %) 388 g s /N

& 1 ICP-AES MGHAKE Na 58
Table 1 Residual Na content measured by ICP-AES

Washing Residual Na-content
Catalyst
times w/ (%)

0 6.86 Ni-Mg/SiO,-7Na
2 0.80 Ni-Mg/SiO,-1Na
4 0.23

6 0.19

8 0.20 Ni-Mg/Si0,-0.2Na

MVEE 4 LA Na =R 0.23%, BEHR AR
SEHETNAT, Na S BEARRAR. 1ePr LRI B% 68 4 (1 i
i (CRPRSE , VEVR 2 YA 8 YK, MRAE Na &4 3lid
ff 7Na, INa, 0.2Na) #F47RAES SOV P
1.3 EHFIRIE

K Smartlab-SE X S 28 A7 5% (XRD ) I 2 fiié
RN PIAHES R, LA F . Cu Ka(A = 0.154 18
nm), NiJ€thH, TAEHRE 40 kV, HIf 40 mA, £
0K 0.01°, LM 5°~80°.

f#E4L ) /) H,-TPR 7£ ChemBET Pulsar TPR/
TPD ( Quantachrome Instruments U.S.) {¢#% 17,
1 10 mg K55 R0 FAL B LRI A U LA
P TPTE 10%H,/ Ar IRE (40 mL/min) H A Z i
2L 20 °C/min B3 FTHZE 900 °C, H,AYHAE TCD 4
MR AE.

PAEE - 2278 44 AR (TG-DSC) 7E [R] 25 #4 o A 4X

(STA NETZSCH 449F3, f#[E NETZSCH) il . 43
Broetd . BERTESSASUT 10 °C/min FHEFIS00 °C.

Y R SR R T AR R e o e R
i H - e (SU8020, H AN H 57 F3RTE.

BET =@ FR A9 & 7 Micromeritics ASAP 2010
IS DR E T 547, M ISM-6701F 34
T W RS T RE i B TEOM S ).

AT AR B Na TR S B A S8 T
R JE T K56 (ICP-AES, B45-. PQ9000) il 5.
1.4 EALFEHETER

W R T A — E BT AR (m/
M ogbean ot = 0-2% ) AL 1T 45 1) 4 5 DU 9 2 04 Y
T 100 mL AN 55 40 5 F S g 42, % B RN &2

HEEHRENNZE R 4~5 K. FHRZE 150 C,
B FEH R E 700 ¢ - min™', #MFE H,JE S1 M 0.4
MPa, fRFFEERN 2 h, WSS HRIG, R =
90 CZEAimt, i bkl i ug e, H Wijis
P E A AL

2 FR5T8

2.1 XRD & #f

K XRD X il A 2 i rf A () B B 1) 4 £ 750
TN, S5RE la—c PR, K 1(a) R
TG | RREGERE S R IA L AT S 06, Toieh
SHEE M, HIE 20=11.32°, 24.36°, 34.82°,
60.52° 11 B3R B AN [A] ) B 0, ke KT IH )8 T
Ni,Si,0,(OH), """ #1#, A BT X Mg
FRERE I, 2B /0B Mg B F) LA 40 B B A7
e AR B A BE T B A F Ni,Si,05( OH) , A &
¥R (Ni, Mg) ,Si, O, (OH) A, S 30T 5 e 1)
HEEW T, WA, WA, 7E5 Na FEFEM P
(7Na) WEE | 20=29.4°4bAH —55A7 1%, AIIHE T
NaNO, %5 ffh. 300 CREHE (K 1b) i IEZE13 58 4R
g1, I HTE 31.83°, 38.98°, 42.40°, 47.92° ;=4
TR, XSRS R NaNO, B ik —
R R 3 NEESLE 20=35.56°
43.07°, 62.02°, 75.62° 4 AT ST 16 A NiO AR 1E
U B Na S REIOREAG, 855, tAh, Joe A Sio,
ARG (20 = 11.1°F1 24.3°) 76 3 PMREGS W R
B, =5 Na BSOS — 28 3 oMb U8 BH 76 % e
MrE:, ATIRIRE AR50, 20 R 205 (K 1e), Ni
BCH EZEYIAR, LSRR & Na & & B, Ni
(AT S I B N2 40, [R] A NaNO, 37 5 I 71 k. & 1
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Fig.1 XRD patterns of the samples with different Na content

a. dried sample; b. calcined sample; c. reduced sample

PR JFIS TR, NaNO, #E— 2070, 31X — s AE ) TH Y
TG-DSC 73 H P A BIBHIE. W] & LA i NiO £
e, ATREE ML AT 1 58 4k Il J2 A L 77
FBACRY I i A rhoAfy /D  Je R 5 A AR
EAk. 1T Scherrer AZ: d =KA/Bcos( K—Scherrer
WL, N 0.89) AT AR RS 48 Ni #Y-F-1Y
aAL RO (B9 T 3% 2). Rl 5% B Na ot (19 FEAIG,
Ni B9k R R, 0.2Na BORE S RSP 2 3.3 nm.

2 K

BeJE R Y SEM E

IR R IR, Ni J0RE R ST 2 5 0w v g Jn &7 1k
SCH R R T, iR, Uk, s
HREREE Na W RBIE AT Ni (PRLAR S 0 I
2.2 SEM 431

ANE)AN & Y Ni-Mgy/Si0, AL 71 28 15 B2 5 1Y
FERPEAT T SEM 2081, Wi 2a-c fix, M|
DIAEH, ® Na HE RSB L™ 8, B Na &t
) BEAG, AR Ak R UKL 2 (RIS B FE 38, 220.2Na

Fig.2 SEM images of the calcined samples: a. 7 Na; b. 1 Na; c. 0.2 Na
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B, AL RBOR T /N . BRI S) ) et )
ZWZS B a0 EiR XRD R AELE R, TNa #F f  J
NaNO, faf&, 1fii NaNO, (45 5 4 306 °C, fER5beid
Firh, AIRETEMRALR SR A A I il R SR AR 4 =
FHOARTR] Na F iR 5 1 TE SRR R /N 25 5.
2.3 H,-TPR 4347

R T HEEAAIFR B Na 2520 Ni 580k r
FHECAE FH B A A7) 09 38 B P 5T, >R A HL,-TPR X
7Na, 1Na, 0.2Na 3 MEMFEAT TRAE, B3 Bon T

— 0.2Na

423 C — INa

398 °C — 7Na

396 C
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Intensity/(a.u.)

H,: 3.4 mmol/g
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1 1 1 1
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K 3 A Na & i B Rebe a9 H,-TPR 4]
Fig.3 H,-TPR profiles of the calcined catalysts

with different Na content

A& R B H-TPR 4k, 3 SRR S AE
400 “CHHE NiO BYIf I 5% B Na &R AIE], 78
DA TR R B v 30 JRL IR B 1A B R X3, % Na #F
fin(7Na) , NiO i JE U5 SR A, {4301 24366
1396 C, HERIEIRELE 220 C AL, KT
ik Na &2 PSR (300 °C). X FH]— 51 Na
S, AR B R RS 0. AR YR 400
C I (38 g AU T S0HFE L, SRR PR
B Na 2 MAHE, Na &M 6.86%FF 2 0.2%, if
JFFRES MM 3.3 #2532 4.5 mmol/g, UiHHREE 5%
B Na mPYRRAK, Ni A9 R E I8 S BE 34 . ok 4h, m
H,-TPR S WLEE 2] NiO ()34 JFL I Bl Na (1) 5 A 1 [7]
iR X FE B, 0.2Na MURE S, e i e B 4 5 &2
423 C, WULBREAL Na, nJ Ak 7R 1E NiO F0kL
RGFN, I35 5 Sio, AR B, &%
5 XRD R LAY 5.
2.4 TG-DSC & #f

KT TG-DSC X A 551 Fir SR A4 (8 T o3 fie A Ay
17 Tt aRAE, A5 anE 4 fizs. XFE TG fh
(K 4(a)), INa Ml 0.2Na k&SR FAIML, 78
250~300 C &4 FZRBRHIL, R XRD #AE,
A2 A AR R A DT B R AR A AT B4R Niy Si, Os-
(OH) 43 fi#. 1B DSC 43 Hr (Kl (4b) ) WoR i 43 fif 7
A B BB IR N AT 24 Na BN INa [ % 0.2Na J5

(a) (b)
s 7Na
8 L
= A 1Na
7Na g
=
1Na
0.2Na l 0.2Na
200 400 600 800 200 400 600 800
Temperature/C Temperature/°C
4 AJF] Na & RIS TG-DSC
Fig.4 TG-DSC  curves of the catalysts with different Na content
W PSR R 4 TR T £ 50 °C. ¥ Na BEAH (7Na) 1, 380 °C 2NaNO,—2NaNO,+0,
B 1A T IKAR Niy Si, O5(OH) 40 fif 2k 8 LLAN, 7R 400~ 600 C 4NaNO,—2Na,0+2N,+0,

400~600 CAHZ 2 ER K, fEHE — & Mk
X AT RE SRR S A E e NaNO, A K.
NaNO, [ 380 CH UG & L4 >, 4l Fidfe .

[F] 8 7 3 72 381 N T S8 A e T B e 303 B b
i Na FE SRR T 29 20 °C, $% Na &M FE,
A3 R R BE 7Na (280 °C) <1Na (300 °C) <0.2Na
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(350 °C). A, DSC 5 TG M43 b7t F Wk 77
& Na & 3 Ni 5 Sio, A B AE 855, Na Bt
b FH AR RS

AN, 3 MEERTE 200 C Z BT K AR g, @

e T B K . DOTE B T ) 25 R K A
B, FERTE 15% ~ 17% 22 18]
2.5 Ni-Mg/SiO, 4L FliE 53

Na & SHERIINETE PR R R N3 2 R,

% 2 [F Na &2 Ni-Mg/SiO, U FIHFFiE R E TN ER

Table 2 Characterization and activity evaluation results of Ni-Mg/SiO, catalysts with different Na content

Sper Average pore Pore volume Average Ni° particle Iv
Catalyst . b 3 - ; g
/(m? - gy sized,/nm /(em’ - g™h) sizedy;/nm" (g/100 g)
Ni-Mg/Si0,-7Na 16.6 11.99 0.05 7.1 125
Ni-Mg/Si0,-1Na 213.5 3.72 0.20 3.6 85
Ni-Mg/Si0,-0.2Na 245.4 4.00 0.25 3.3 80
Soybean oil Iv=130/100 g
a. BET method; b. BJH desorption average pore diameter; c. Obtained from XRD data using scherrerformula
A N, WG BRHINAS AN [R] 5% B Na 555 AR50 A9 1L ;
R ( Sy ) « FIIFLAR(d,) W) T3 2. L5 0.2Na
BREA Y Na & f 0 LU R T FRAFLAR 0 A A 2 25 A2 ER
Wi, BEA Na %5 M 7Na FEE] 0.2Na, ALY LR S st INa
ﬁ*ﬂ SB”EE 166 ﬁ{ﬁiﬁiu 2454 m2 . g—l , Eﬁﬂ % W L y=0.053x+0.025
XRD SRR, I NaNO, i 4 ZE AL T 9 80 g
1Na 1 0.2Na A i (-7 B FLAR FFLAR R 22 B AR z y=0.058x+0.142
1M 7Na KE AR T FLAE N 11.99 nm, HoHT# AR s [
Z, WRH T &S =M Na 352 T /ML, MLk sy
PFULED D, BN 2 | AL SRR Na B 5 yowaotsoam 7
Ve, BRI RER/NL, BTSSR, L 0 20 40 60 80 100 120

RS, A R m AR FLAR BB, I &( T
PEE FFHEH BENA 20 fLE AT g o)
FH ., N5 22 1) S oy 40 RS A 3 M s B AT R
BTN 2 ATLAE Y, LT Na ST, K
AT P BB AR AR, 7Na A a1 S AT LE v = 125/
100 g, DPCHMEAL T FEA B A W, 4546 XRD, H,-
TPR HI SEM &5 R 0] IFSHH, & & Na A ES S
FOEVEH PR H AR, KA K, MRS T
PEALFR A& . ASTR] Na 55 12 O A AL 5 9 #E
R ML ANE 5 s, FER MR, Nk
RN R R, TEPEBAT. & Na SRR R
HZERIR k=0, FrAIEARTCIE M, BUE (Iv=125/
100 g) 5K (Iv=130/100 g) 4. HL#H 1Na Fl
0.2Na PIMEALTR, BB EFElN T 50 min B, — 3%
AL EH R KB R]. 50 min LUG, S a)#s
0.2Na 7 1 A LRI FE S RO, BEUIIR Na &

Rection time/min
P 5 ANTR] Na 5 B PR P PG S0 3R T 26
Fig.5 Hydrogen consumption rate curves of catalysts

with different Na contents

MR AT B b AT S A i 1.
3 #it

TEFLUTIE I ) A T s i VB L L R, ik
FIHBREA Y Na £ s XN &G PR 5K, 3l ot
PEALFR R R BY BE A Z5 A AT, HARAS J R 7E 06
243 Ni [k R L JESR L il DL R 5 3844 Sio,
MR AR 22 5 8. FEfil#5 i B2 rpr, Na PRV A8
T4, BREE Na #AK, Ni B9 HBUN, & v )
M. IR R, Y Na IR E 0.2%)5, @it —
FREUR U T BORME PR 2E — 28 F R, R Ni® 9 37 kL
BRI/ A 3 nm 22 AT, AR ) B A B A
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Effect of Residual Na on the Hydrogenation Performance of
Nickel Catalysts

GU Ting-ting'*, ZHAO Hua-hua', YANG Jian', SONG Huan-ling' " ,
HAO Yun-ging*, CHOU Ling-jun'"*"
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Suzhou Research Institute of LICP, Chinese Academy of Sciences, Suzhou 215123, China;
4. Nanjing Zunlong New Maiterial Technology Co., Lid, Nanjing 211516, China)

Abstract : A series of Ni-Mg/Si0, catalysts with the different residual Na contents were prepared by co-precipitation

method. Soybean oil hydrogenation was used as a probe reaction to study the effect of residual Na content in the ca-
talyst on the hydrogenation activity. The catalysts were characterized by ICP-AES, XRD, H,-TPR, TG-DSC, SEM
and BET. As a consequence, the residual Na in the catalyst has a great effect on the hydrogenation activity. The

catalyst was basically inactive when the Na content was 6.86%, while the activity of hydrogenation to soybean in-

creased with the drop of sodium exsited in nickel catalyst. It suggested that the residual Na would affect on the dis-

persion and particle size of Ni, and the interaction with the support between Ni and the support.
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