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Catalytic performance of Ni/SiO; for 2-methylfuran hydrogenation

FANG Ziyu, ZHANG Wei, WANG Jinding, CHONG Siying, ZHANG Yajing’, WANG Kangjun’
( College of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, Liaoning, China )

Abstract: Ni/SiO, catalyst was prepared from coprecipitation of nickel nitrate and acid/alkaline silica sol,
haracterized by XRD, N, isothermal adsorption and desorption, hydrogen temperature-programmed
reduction (H>-TPR), temperature-programmed desorption of ammonia (NHs-TPD), XPS, FTIR and TEM,
and evaluated for its catalytic performance for 2-methylfuran (2-MF) gas phase hydrogenation to
2-methyltetrahydrofuran (2-MTHF) in a fixed bed reactor. The effect of acidity and alkalinity of silica sol
on the structure and performance of the catalyst was also investigated. The results showed that the Ni/SiO,
catalyst prepared with acidic silica sol possessed more amount of weak acid sites and medium strong acid
sites, larger specific surface area and average pore size, which was beneficial for the improvement of
catalyst activity and 2-MTHF selectivity. Moreover, Ni/SiO, catalyst exhibited good stability. Under the
conditions of reaction temperature 90 °C, hydrogen pressure 2 MPa, mass hourly space velocity 4.4 g
2-MF/(geq-h), molar ratio value of H, to 2-MF of 4 : 1 and reaction time 200 h, the conversion of 2-MF
reached 99.8%, and the selectivity of 2-MTHF remained about 97.5%.

Key words: 2-methyltetrahydrofuran; 2-methylfuran; co-precipitation method; Ni/SiO,; acidity and akalinity;
catalysis technology
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Tz RE, TARAR S AKEMHIRE [Ni(NOs)#6H,0]) (i

HAl, 2-MTHF B9& Rg 2 £ 20 4E S MEN R
. NEREE . OBERSEN. FEiX ey ikeh, MRS
HFCRE LA R )92 M 52 3 567 . LUBEES( FUR )
T JERH I 45 2-MTHF 84 — 25 e Fmg 453k,
Hop ) BBk P L 2-F 3Rk (2-MF) Ry rpal Ak
fil 4 2-MTHF, & Tk B# A= . 7 Tk
e, 2-MF 4kl 2-MTHFE £3276 Pd A1
Ni S M, s A & T 2 e,
BANMA T EAER N T Ttk sk
YEES . S A I S AL 40 B A g 5 ) )
I, JFE 2-MF SARINE G 2-MTHF KO 1L
FIF R+ B

KT 2-MF WA E S S A A #l & 2-MTHF
A AR B AT SOk o 55 458 | e a0y )
FHTVE AR BUE T A T 2-MF B I &5 A
2-MTHF ) Cu-Ni 1 Ni/ALOs L], Mz
DING 209 a2 - BISWAS 21243 5l % 1
Bk IR MR E A A 2-MF SATInNA
A 2-MTHE /9 Pd. Ru. Pt il Ni/SIO, 4k, H
A, X SefEfb ) B AR R B ST AR I 1, HIR
E—SRE, MRS OV AMEWZ] . 37
VBN . A, TE P
P HBL, nfarl g s e . m kR E B e
PER) 2-MF I AL ) 02 Tl Ak fi Ak 50 i & Y o 22
AR,

AR 70 AR 110 5 4 RN SR 42 6 2R SR 7 A
TR fE . LIANG 21851 £ 17 Ni 12478 Al,03.SI0;
FER A (HBAO ) L JE RS [ R IBANE 447 )4t
TR, SEIRFUA w0 A e AL T A
F R R AT B T H A X AR i
DABRAE Rk VA B A 24, 0 1R 28 R L T 3 1 3
7% Ni/SIO fHEALF, TEF/INHERL G A T, 22207 il
AT PERE RLAFD . R STEER R (Y Tl
ARICEEEE R 2-MF FEBHA R 5, RS
Al T Ni/SIO AL, 2552 T ik V5 B 118 R B P %o
AL TR 285 A8 AR PR BE AR IR, TR 9T T SO R B
H,5 2-MF ¥ be (fRiFREmi b ) S b e )
SHEAL TGP DA M 2-MTHF &8P s2m, sl
BT AR PR 1 o SR N S5 TR B - B . XRD
H,-TPR. NHs-TPD. TEM. XPS il ICP %} Ni/SiO,
AT TS5 M RAE, NIF R B 2-MF S A&
2-MTHF o f Ak 50 B At S K B

1 SEIEES

1.1 iXFE5NE
TRIGYEREEIE (SIO,) , Tolkgk, HF il

OO 98% ) , EAERLEAHABRA R Bk
e (NaCO3z) , Tolb%, #Ebsi 2 Wik T4 FRA
Al 2-MF (JEEA 80N 98% ) , FilHi Tk ( i)
AWRAAE maiEA . &, WERKEARAF,

Autosorb-i Q-C %4> [ Sl # 4k 2 W A, 55 [
FEES /N ; D8 Advance B X SR £ ST ST X
5 [ Bruker 237 ; Chem BET Pulsar TPR/TPD ! A
sk Y, 25 E Quantachrome /A ] ; FT-IR-200
HUA B AR 2T AR SR, A8 R 128\l 5 H-7650
REST oL T WS, H A Hitachi 247 ; Model Axis
Supra ! X ST EHL FREIEAY, H 4% Shimadzu /A ] ;
Adgilent 725 I HLFHR 5 5 B AR RGP, KE
Agilent A7) ; GC 9720 plus B A (A %A, #iiT 48
SEAT BRI H
1.2 #eFNHEE5RE

VT IE R4 Ni/SIO, ALFT BT . FREL
11.7 g 9 Ni(NO3),*6H,0( 0.04 mol Ni ) & T-Hebrrr,
A 107 mL LB oK, SiRBHE 2 50 20 R, 1
28.0 mL FRTERE e EE 23.3 mL B REZ R , Y9407
AHA, 8 MW A, B 5.5 g Na,CO; (0.05 mol )
BTRARAT, A 90.5mL E£EFKT, EEPHE
FORTEM, ICNIEW B, BIAEW AL B AR
AZSHBEdtrh, EHIE B I E, AW pH &
FETE 7.0 247, WG )E, WA T HEHH
FEah, BB 1, 2B FRSREEMERS,
ABER H 120 °CTHE 12 h, SRR E Db,
25 °C/min FHE# R 2 600 CREHE 4h, B 15 MRt
Tk Vs e R e R 45 1 30%N1/SiO,-CP-SW 1 B P ik
Ve M RETR 25 1 30%Ni/SiO,-CP-JA i 4k 371 Aif 4K
& (130%% NiO Y T i 73 5 ) o T 445 Hif 4R A 7 [
TE R SN g Y, AR V(NL) ¢ V(H,) =8 = 2 AR
A5, HERLL 5 °C/min B FETHEZE 600 °C,
WOE L JE 4 h, BJ 3 30%Ni/SIO-CP-SW Al
30%Ni/SIO,-CP-JA ffEfL 7, IE7E Hy A PR A &=
ST T R AT N &N .

N 25 I BFE- TR . FRER 0.05 g KSR FE 300 °C
B BAACEE 3 h, PRI BT MR, WA L 5
PR AL, FLAMLE . R mALE T BET 445
2, LA EE B BIH :A58], fLAE N FH1L
. XRD: Cu #! K, 446, &EHEN 50 kv, &
Tl 40 mA, 20=10°~90°, HHliE KK 10 (°) /min,
Ho-TPR MK : FREC 0.05 g A U RLf Sl By
B, 7E 400 °CHY He S FilALBE 30 min, JRERE
Z 50 °C, P BAARF L V(H) @ V(NL)=1 : 9 AYFRif
RES, SN 30 mL/min, L4 10 °C/min ()3
FIHRZE 900 °C, il sRHE A 1Y Hy-TPR [l NH3-TPD
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M. AREL 200 mg fEALTRIRE A A B4 T, 7
550 °C il A He’<M#d 30 min, F&% 50 °C, Yk
NH3 Wt 60 min, 2 J5 il A He SIMCHFE S 1 h,
B J5 LA 10 °C/min FHE % 550 °C, ids% TCD 5%,
AL IR 3% 7E TPRITPD A2 W S i
WET AR AR, a5 A hnuE i 2t AT o XPS A .
WA TE N Al K, (hv=1486.6 eV ) , L) C 15=284.6 eV
ReHEE i . TEM JU: I003AH R 200 kV. FTIR il
W R 20T, R oS AR, A KBr R h,
-5 315 FEl 4000~400 cm™, ICP-OES izt : A4k
Ni 7 f L Hz AR R & 55 B IR R SRS am A5
1.3 EAFIAEREIEN

R FH [ 72 IR BN i X AE AL 1 BE AT PF o 8
AR R R (10 MPa & 77 ), 2t ifi, i BURL4E 20~40
H WOk A TG PEVEY o B 1 g AR TRISE A RO A H
() EBAL, P DA A ge b OB E . #2 1.2 17 AYIE i
FAFEATIE R . AR RS T 2-MF & A 1l
2-MTHF By, 7E 90 °C. 1.6 MPa iy 4514 F 2
N8 he KN IRGWITEREEAR R BE AR, ThE 1h
BORMAARES 2 mL 2557 ( O BlE, RASMH
kg e . EEadr, MR 2-MF,
2-MTHF gl =9y 2-5% 8 ( 2-PL ) | 2-J%F[ ( 2-PN ) |
Pl (1-PL) S HAt Cio VA E53FRI4EG 7P i
WEATE . ORI SR BAE R ( ZH LR EE

AkE, KB-1, 30 mx0.32 mmx0.50 pm) HI KI5
FAER I RS, FEFEASERE Y 180 °C, Al &% i i
250 °C, R FHE KA IR M 50 °C( #14F 6 min),
PL 10 °C/min By THE# Z T2 250 °C . RHKIER)
i AU — ekt AT e A k(1) ~ (2)
T 2-MF (5 AL R A 2-MTHF B9 $5 1

2-MFEALE [ % =

JSNETIT2-M FA) 5 £ 82 — SN Jig 2-M ) S 1) £

TR 1 2- M T B x40
(1)
2-MTHFRERME /% =
A 2-M THF I 2-M ) i () & <100
SN FIT 2-M P 5 ) o — OB s 2-M P I 1) i
(2)

2 RS

2.1 EAFIBEREITEMN

2-MF 7€ Ni FEAEAFIVER T ImE, Wi L
C=CHMAALWMEZL YR 2-MTHF, KA L
C—O HEWr 242 i E =4 2- I (2-PL ) | 2-J%fil
(2-PN) | JiFE (1-PL) , XEEEI=Y7E— & 5
TR EgEA AN Co Y ERRI=HI . 8 AE A
SRR BE T, R S O R B X Ni/Si O, fiE AL P RE 1Y
e, ZERILE 1.

1 NUSIO, Ml 5] 26 A ] S 1L FEF i fl i et
Tablel Catalytic hydrogenation performance of Ni/SiO, at different reaction temperatures”

i) KR B %" AL %

2-MTHF 2-PN 2-PL 1-PL oAt

30%Ni/SiO,-CP-SW 70 99.5 90.2 0.08 2.0 0.4 7.4
90 99.6 92.1 0.04 35 0.4 4.0

120 99.2 89.7 0.06 6.1 0.7 35

140 98.0 86.6 0.1 10.7 1.1 1.5

30%Ni/Si0,-CP-JA 70 97.5 68.2 0.1 1.9 0.3 29.5
90 99.3 84.2 0.2 2.7 0.3 12.5

120 98.7 84.5 0.3 6.0 0.5 8.7

140 98.4 85.6 0.1 7.9 0.9 5.5

OB FAF: Btz # 4.4 9 2-MF/(Q gen-h) . Ho 5 22-MF YA RELL R 4 1 1, Ho JE ) 1.6 MPa; QF6 AL R AR [ 5~8 h

(971

H2 1A, Bl A SO B T, 2-MF %%
USRI RIS KF N S VR ET R, —
D7 ARG YERS N o5 — 5, 2-MF fIn & A ik
KR, SN A BRI . 2 SRR AL R AR
H, 2-MF WA R BE IR B T T 52 553 K5 BN
P, BB AR K . H N R EEXT =) 2-MTHF 3£
PR o bW W 2-MTHF (% 3k £ 1 .
30%Ni/SiO,-CP-JA<30%Ni/SiO,-CP-SW ( 70 °CHH Ik
22%, 140 °CHH{UAIK 1% ) ; 30%Ni/SiO,-CP-SW fifi

TRRE T = e K /)N, 1 30%Ni/SiO,-CP-JA I 2
BT 2 P AN 2-PL A1 1-PL e ERBE
A O ek B T G R, FBH RN I B R R, C—O
G 22 10 N R 90 °Ct, 30%6Ni/SiO,-
CP-SW fi:fk 2-MF i % Ak % i 1 , 4 99.6%; 2-M THF
PR, R 92.1%,
2.2 EAFHIERER, FLEMEHILE

AN [R) 2 AU e 8 e Ay ek VAL i) 4% 1) N/ SO AEAR ]
H N W B - SRR 2 LA i an R 1 s, H
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REE N 2 B . #4E IUPAC 20 2SfE 1 ml A,
AL R IV R SE IR 26 Fn HL ABLGREIR, R
e B flgmi™, Nk 2 TREH,
30%Ni/SiO,-CP-SW LA KA e et AL LA
HISEEIFLAE o I CP AR 45 2 1H |, 30%Ni/SiO,-CP-SW
BN RN 22.6%, 30%Ni/SiO,-CP-JA
Ni [T B0N 22.4%, 4 25 R K . 30%Ni/SiO,-
CP-SW AL 1 b R T AR, TG PR 453 7] 784345
B, AR TR E 2-MF 54k, 4k, 30%Ni/
SiO,-CP-SW LI B A BRI L% . fLA, fif
WAL S . PR N B AN, ] TR
SN & A, T, 30%Ni/SiO,-CP-SW i fk 5] |
2-MTHF &£ 5 T 30%Ni/SiO,-CP-JA ,

)

“g 30%Ni/Si0,-CP-JA

R

&

=

= | 30%Ni/Si0,-CP-SW

0 02 04 0.6 0.8 10
Xt 1 (p/po)

30%Ni/SiO,-CP-JA

LAY/ [em/(nm/g)]

30%Ni/SiO,-CP-SW

4 6 8 10 12 14 16 18 20
Bife/nm
Bl 1 AR Ny R - IR 2R (a) Fil BIH fL24
i (b)

Fig. 1 N, adsorption-desorption isotherms (a) and BJH
pore size distributions (b) of catalysts

F2 AL RER . FLAERMTFYILAA
Table2 Specific surface area, pore volume and average pore
sizes of catalysts

ik IR mEA/(mPg) FLEI(mPlg) SFH LR /nm
30%Ni/Si0,-CP-JA 215.9 0.23 3.9
30%Ni/SiO,-CP-SW 257.9 0.45 6.3

2.3 fELFIH XRD

AN [r) E R s e A RE R 48 1Y Ni/SIO, AR 7
TERHB I M 5 5 ) XRD & EANE 2 s, HE
2a [, 20=37.1°, 43.1°F1 62.5°4b {17 S mT U g
T NiO (G, 20=23.0°4b (777 S Al 19 )@ T

SEIE SIO, AT T4, &l 2b A%, 20=44.5°, 51.8°
H1 75.5°4b i 7 S 43 S 6 1 42 & Ni 19(111), (200)
F1(220) 41 (JCPDS 04-0850), # M NiO Zit H,
W B AR Ni [HJ2, 78 20=36.9°F1 62.2° 455K WL
S5 NiO W59 I RFAEAT S0, mT g2 f Ak Fh A7 e
KRAEIRJFHY NiO, B 7EAE it 72 Ni 81k 2k
B NiOM®, 53 4k, 30%Ni/SiO,-CP-SW 7E 20=44.5°
AbBY Ni A7 S 2 5 T 30%Ni/SiO-CP-JA, Hil%
TEMESREE . — Mk vl Ni fiTHTEideei, Ni 450
B, SRR

a 4+ NiO
v SiO,

4

30%Ni/SiO,-CP-JA

30%Ni/SiO,-CP-SW

10 20 30 40 50 60 70 8 90

20/(°)
b 4NiO
¢ SiO,
. oNi
°
b [ 4 .

30%Ni/SiO,-CP-JA

30%Ni/SiO,-CP-SW|

10 2.0 3IO 4b 5.0 6I0 7.0 8IO 90
26/(°)
B2 BHIE (a) AIEER (b) ALK XRD 1

Fig. 2 XRD patterns of catalysts after calcination (a) and
after reduction (b)

2.4 {#E4LFE H-TPR
K H H-TPRIAE T 2 Fh Ni/SiO, AL 1Y 38 Ji5
R, 45RK 3 Frms

30%Ni/SiO,-CP-JA '

30%Ni/Si0,-CP-S '

200 400 600 800
VR EE/°C
E 3 fEILFIAY Hy-TPR 4k
Fig. 3 H,-TPR profiles of catalysts

TR /a.u.
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& 3 A%, 7E 400~800 °CIN, HMiEfkF Y
TPR {1 £- H ¥ 77— A58 S8 1R 38 T g | A PR F A Ak 7
H i NiO i J5 4 Nt 309%6Ni/SiO,-CP-SW Fi1 30%Ni/
SiO,-CP-JA AL A4 S B A [A], B 2
ML Ni 5 SiO, 1Y 4 & - 2% A 5 AR FH AR ;
{H 30%Ni/SiO,-CP-SW FiA i 1 A {55 T 30%Ni/
SiO,-CP-JA, Ui G A B 2. HEMZE,
AT TS TR R, X S PERE PR &5 SR — 2.

2.5 fE{FIHE NH;-TPD

SR NH3-TPD JU2E T 2 Fl Ni/SIO, 1L 1%
MR TE, 45w 4, F£ 3 . HIE 4 w7,
30%Ni/SiO,-CP-JA 7E 140 °CZA A HEL 1 4> NH3 i
BFPIGe, X R HESER HhoLs s T 30%Ni/SiO,-CP-SW 43
SI7E 140 11 310 °CHIBL 2 W4 Hd Bt g , S R i
UK, FHZMEARFrE SRR, B
FR A 22 o AR TR Hh i IR 1Y) 5 38 R TR Hh O PR B i S
MR PR OCHE, P AU HL Bl e T R AR e
PERY . Hige 3 W1, 30%Ni/SiO,-CP-SW a5 i
K. BRiEZ, WL 2-MTHF iU ErER R, X5
BRIRIEPD 3, LIV ZEPA0F58 T Ni/SiO,. Ni/Al,Oq
H1 Ni/CeO, 4k I7E IMPa. 180 °C R &1,
2-MF & ER 2-MTHF By i PERE . 4588,
2-MF SAHINEH 2-MTHF [ Hh a3t e
PR = RO M RE o

30%Ni/SiO,-CP-JA

: ; 30%Ni/Si0,-CP-SW

200 400 600 800
R/ C
B4 HEIEAIE NHyTPD 1%
Fig. 4 NHs-TPD curves of catalysts

SR /a.u.

# 3 AR R A
Table 3 Acidity amount of different catalysts

" AR/ SR/ SRR/
il
fEfe (mmol/g) (mmol/g) (mmol/g)
30%Ni/SiO,-CP-JA 0.09 0.09 —
30%Ni/SiO,-CP-SW 0.38 0.25 0.13

2.6 fELFIH FTIR

fEALFIAY FTIR N 5 fin, B 5 a5,
3460 cmit [T N SIO, FKTH—OH [ 4 i 3 i ;
1640 e [fF I H,0 43 T2 1 H—O—H A1 45 4%

e ; 800 cm bl Si—O—Si i XEFR AR Bl
S—O—Si W M IR2IERE . 30%Ni/SiO,-CP-JA
W58 T 30%Ni/SiO,-CP-SW, 1030 cm™ 4k i I )&
T Ni EREEMREELN S—O HH iR,

30%Ni/SiO,-CP-SW A7 Wi fu Atk i) JZ AR Bk FRER 25 44
H AT 30%Ni/SiO,-CP-JA ., 670 cm ™ 4b 15
J& T IUE & SiOo Z5H Y Si—O fi{dfE shid, 1120 1
470 cm™t BFHET AR Shid ) 8 TR h Si—O—Si
A S il iR s 22

30%Ni/Si0,-CP-JA |

| 30%Ni/Si0,-CP-SW |

/800!

3460 1640 16| 670
A 1030 470
4000 3500 3000 2500 2000 1500 1000 500

B /em™

K5 fiEfLFIR FTIR 3EIA
Fig. 5 FTIR spectra of catalysts

2.7 fEHFIE XPS

F FH XPS 4y #t T 30%Ni/SiO,-CP-SW Al
30%Ni/SiO,-CP-JA KL 7451, M) Ni 2p
XPS iEE & 6 s, FIoR IR E/RSEnER 4
fiis. HE 6 A, BETE 852.8 eV 24 Ay I XT N
Ni BH-EIE , 7F 855.6 Fil 862.1 eV ALK 2 NI 43 5]
Xt NiO H N2 fR R AE s T3 AL 812 R A iU
FIHEAL R AT SR EAE NiO B9, X5 XRD 454 —
;o fEEAAFIRT L NiZSRELZ, WAL
) NiO, B S aid #E Ni 83 ol S Ak A= il NiO,
FEM R B R 25T, DURSHE(E AR 3 i A 4 £ 7] 48
XS, & BB E RO B AT v, Ni©
TR PG . M 4w, 2 bR 2 g
AT , 30%Ni/SiO,-CP-SW 17 Ni Ji 7 Eb i I 5

Niz+

30%Ni/Si0,-CP-SW

865 860 855 850 845
Hiablev

Kl 6 ) fefifesfn Ni 2p XPS 1K
Fig. 6 Ni 2p XPS spectra of catalysts after reduction
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4 AL R TR A
Table4 Surface elemental compositions of catalyst

L BE IR 3 B %
AL
Ni Si O
30%Ni/SiO,-CP-SW 6.78 28.64 64.58
30%Ni/SiO,-CP-JA 6.61 28.16 65.23

2.8 fEAFE TEM

30%Ni/SiO,-CP-SW F1 30%Ni/SiO,-CP-JA {1k,
FIHY TEM B FIfEALF] Ni Rif oA A 7 i
A& 7 Al 2 R AL R N U S AN B R ERTE
AR EA) RS —  RSF R TE 6~8 nm [T .
X 158 I T TE 2 55 1) NiJSIO HEAL T, Bl VA i B8 iR
BT AN 52 M AR 75 ks RO DL OB S

c SFFPRi4E=6.50 nm

8 10 12 14 16 18
RiE/nm

SEHphr#£=6.83 nm

8 10 12 14 16 18
BifE/mm

a. c—30%Ni/SiO,-CP-JA; b. d—30%Ni/SiO,-CP-SW
K7 R I5E AT TEM & RS2 A 181 5 G T RLEE 70 A 19 s 040 i 46
Fig.7 TEM images of different Ni/SiO, catalysts and particle size distribution curves and Gaussian fitting curves of statistical

particle size distribution of catalysts after reduction

2.9 B E X Ni/SiO, &4k 54 Bk B 22 1

1£ 90 °C 1.0 g ffL 7 S WAt [E] 8 h i n(Hy) :
n(2-MF)=4.0 10 W% M F, F K
30%Ni/SiO,-CP-SW 7 A ] s i e 1 (1.2~2.4 MPa)
TR ERE, 5k 5 R, i 5 alAl, Bf

N EFI TR, 2-MF H 4B A 2-MTHF k£
SeBERIF N, TFIREN =Y 2-PL BRI W),
FEE YIRS R F b 1 m #EA T, AR TR
INFFERRI = A i, L, 8 2 MPaff N
N7

*5 AR 30%Ni/SiO-CP-SW Y 2-MF il S i fig ™
Table5 Hydrogenation performance of 2-MF over 30%Ni/SiO,-CP-SW under different conditions”

PEAEE%”
Jo R 45 /(G pewn-h) H, K F1/IMPa n(Hy) : n(2-MF)  #{b5%/%”

MTHF  2-PN 2-PL 1-PL Hift
4.4 1.2 40:10 99.0 90.9 0.08 3.6 0.4 5.2
4.4 1.6 40:10 99.6 92.1 0.04 35 0.4 4.0
4.4 1.6 6.0:10 99.7 94.6 0.07 3.0 0.4 2.0
4.4 1.6 8.0:10 99.2 95.4 0.2 2.4 0.6 1.4
4.4 2.0 40:10 99.8 95.7 0.03 25 0.8 1.0
4.4 2.0 6.0: 10 99.7 95.5 0.06 2.6 0.7 11
4.4 2.4 40:10 99.7 94.4 0.01 2.6 0.4 25

DR KPR 90 °C; QAR MBLHEYE N SN 5~8 h 1P HI{H.
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7E£90 °C. 1.0 g fEfLF] . SNAT[E] 8 h FlJ i
J£71 1.6 MPa BY5&FF, %%5 30%Ni/SiO,-CP-SW
EALFIEAE n(Hy) : n(2-MF) (4.0: 1.0~8.0: 1.0)
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