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Abstract ; Catalytic hydrogenation of cardanol was carried out by using Raney nickel as catalyst. The effects of reaction tempera-
ture, hydrogen pressure, reaction time, amount of catalyst, stirring speed on the conversion of cardanol were systematically
studied, and the stability of catalyst was also investigated. Results showed that at conditions of temperature 118 “C , reaction time
4.5 h, catalyst amount 1.38 % (based on material mass) , hydrogen pressure 3.6 MPa, and stirring speed 400 r/min, the con-
version of cardanol reached 100 % . The catalyst was not obviously deactivated after being used for 6 cycles. The product was
purified by distillation and ecrystallization, to obtained m-pentadecylphenol of high purity which was characterized in this work.
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CIF-1T 55 He 21 48 5 AB204—-N B AL 43 17 K F- 5 1100LC—10 A 7Y 125 R0 A €8 3385 43 5 8 2R 1 ( 404
), B Al TR A R R IR i 20 80K T 93 % (BN R EE S 0.1.2 F 3 /9 14
SN 3.1 % (33.4 % (21.4 9% F135.8 % ) 5 i, 4 KT 99.9 % (i 50 5 B SR Ak R
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1. A nitrogen cylinder; 2. /B hydrogen cylinder; 3. &S H 11/ outlet valve for nitrogen; 4. &R, AR =3B triple valves

for hydrogen and nitrogen; 5. B REIET] pipe valve; 6. SN AR R =3 triple valve for reactor intake and discharging; 7. R
stirrer; 8. HUFER sampling valve; 9. PHLE thermal couple; 10. HES M exhaust valve; 11. JZ)W 28 reactor
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Fig.1 Schematic diagram of experimental flow-sheet

K 300 mL SR W A1 — s B AL RSB PR | L Bk &Mk, T8 mEE AR
B3 U BRSO 1 MPa, SRIG S SR TR T, i B8 B PUE (P S B e 3 Ik B R )
1 MPa, REFRE S, BASEBUE RS IR . SOVES A, BURE 2~3 L, B B J5 WO (35 2047
WU S8 B R R I Al BE R 2 60 °C I ST IR 28, VR, SR J5 0T 7™ A T T 248

AR TR A RS RE PR S 50 25 8 20 F - R A A A BE IR PR BP0 1 L BB i TR 8 s B i A, 7 118 °C
3.6 MPa, 4.5 h, 400 r/min J 35— UCHEALT AT 1. 38 % (LUSURHSRE T, T [) 59 2605 T 2R 47 A AL 59
TRHSERIE . TR ]RSO S L 45 TR I 2 A /0 5 A 5 BB R A% H T4 2% A I
KNI O. 4 g 5 S A A7) LA A8 315 5 A 2 rb Al 5 B T4
1.3 FHEENH

o1 mL Rl 63 2 H A B 500 475, SR Agilent 1100 LC 25 25 i AH (0335 00 2 He 4% 4 70 5
QG 26y C— 18 SORH B ik JC (5 4 A 5 R sl A O B s i &t 1.0 mIL/miin s A1 25 °C 5 R 4 571
(ADA) R0 25 , 58 SMS I O 278 nm o AR 40 i 2500 (5 15 00 45 1) A [ e 3 2R My vl = 28 ) ) 9
FHwE T AR, LA 3 B ¢ D A A, e T AR A, D9 AR bR, 45 B 5250 BT B9 3 AR v TAR M £, B 0N
Ay =A+Be,¥HA B W% R FIF % 1 oh
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Table 1 Results for linear regression

o AR’

%2 No. q A B R?
compounds
1 C4H,OHC 5 H,; 62.02819 2077924. 06496 0.99962
2 C4H,OHC  H,, 65.09028 2100326. 97683 0.99977

3 CeH,OHC sH,, 58.43436 2068273.36638 0.99968
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ny o) By Ay AR b 3 R AL A ) B R AR S G SRR AR i 2 (1) A
X=(n,+n,+n,—-n/—-n, —n))/(n, +n, +n;) (1)

1.4 RIEFZE

K %+ Bruker Avance DPX-400 #% i 4t 4z [ 1 17 A, CDCl, Ry 5), TMS Ay 14 #re , 45 1F I8
250 °C, WL 451 % &y 400. 132 MHz, 3% 58 20, [A] B 2R F 55 B Nicolet Nexus—670 {if B i A5 3 21 S8 ' i X ik
1 IR 52 (KBr FEA) o
2 iR 5vhe
2.1 #HERKIEIT

AR LA SN T BE I ) A ) AN R 1 O BRI R R U, (9Y) #5) ERk
ZHEAR Y, R SPSS B b FE, HIE R BN 0.999 45 RN 2 R,

®2 REBELEHNFTESNE
Table2 ANOVA in SPSS

EE 3 ss F B Y5 2% F {8 i
variance sources DF Ms F value significance
[8] 9375 FiI regression sum of squares 1.119 7 0.160 100. 865 0.077
5% 2% - J7 Fl residual sum of squares 0.002 1 0.002
411 total 1.121 8

A =l A 7 R0 U 2R 250 mT A5 AR AR ) [l 05 R A
y= —20.994 4 —0.885 4x, +0.418 7x, — 1. 151 7x, +0. 890 4x, —0. 001 73x> —
0.122 612 +0.217x, x, (2)

o ow, — LB R] by o, — RN IR BE , C 5 x— AT 5, g5 x,— N R ), MPa,

SR A T 0TS PR T A R SO R 121 °C N A E] 5.3 h AR & 4.1 g, AR
71 3.6 MPa, Jin& 5% A6 2 0] Lk 3] 100 %
2.2 EANMSKREERRARN
2.2.1 #BHRFEHHa ERNIRE 120 C DK 4 MPa L& 1.49 % W, [ 4 b, $i
PR 5 ORI AL R R 13 3 Fias . al UG W AL TR0 52 0 52 0 582, 5 H Bl 0 P o 5 ok 3k )
400 r/min B, 3 R H B% A0 SR AR VAT B B R o MOIE S O N AR R I 3 R AR A 400 1/ min
2.2.2 REEENHw REXNARENEN, YK E SN 3.6 MPa, S HE 1.49 % | it
FEEE R 400 v/ minf}, [N 4.5 b iR EAALT 90 °C B, JFORHINE AL RAK T 45 % o N T A 5
AN 3 fron . MIEEE R 118 °C i, &% /2K 5] 100 % |, ik R W S AER 118 C
2.2.3 ROEBFREEHea KNI E S EORDIN SR AR S RG] TR 3 o, HAb S SRR 2.2.2 5
Wi A 27 B T ) 388, i U Ak 3 A B i B S A, S A 18 . MR N 4.5 b JE BB AR 5 4 T
BT 2058 B NI R 4.5 hy
2.2.4 ARACH A Z 0 AR DU AR O TR G T o BEOR 2w A AR R R ST ORI AL
A IR G T3 3 o, Al S B 25 4[] 202,275, A REAR ] 3.8 o, RO A R &2 1.38 %
B, BN 4.5 h, in Gl % ARk 51 100 % . PRtk e i Ak 7 it 1.38 %
2.2.5 AAEHGHa AN R Z — X RN AT B E R, 2SS SR KT 2 MPa, JFR
N &5 AL RAR T 60 %, $2 i5 ESE S0 BN 52 AR B 3% . M AR IR 3.6 MPa B, B 4.5 h, Ji
BHEARSE 4 . AR S INER AL Z 0 O RIRIRES] T 3% 3 b, Jofl R g 4R 2.2.2 75,
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2.3 ELAFINEEFEFRATITELER 3 AARMEZFENEMMESFHENLENZI
fiﬂj%ﬂiﬁﬁlﬁﬁ\i‘ﬁ 0.5 h, HE, B T%EFE Table 3 Effects of different reaction conditions
) USRI A6 70 B 7E 28 . SRS M A 0.4 g i Ak, on conversion rate
300 mL %ﬁ @$ Hg%@ﬁ ’ éliéifiﬂj °© zﬁ%ﬂ% EDEI ’ }im 6 Yjﬂ\%/ﬁt reacti’ionmci?i:tions ﬁcﬂo/f:kvif:ifgz
FUATSRAT LT A8 1, JFORHM Re A A 58 42 0 6 IR SE 5 A 100 3111
B L e IS5 Ve ST % 1Ly X = 200 52.20
SEHRALH 5.8 ¢ 37 6 BRI TR 0.97 g, 2 2.0
Jﬁ?*ﬂ‘}ﬁ% E/‘J 0.35 % , ﬁ%lﬂk’ﬂzo stirring speed 400 87.95
P 500 88.00
24 f‘ﬂﬂmﬁ%&ﬁ{{ 600 88.01
241 FaaAmeiEE B2 R S 6 g .30
EBSP N 6386 min B9+ AL AW SR A8 100 82.61
4.644 5. 286 min f IBE A S YRR AT 0 CL 2800 2K 0 reaction temp. - 0773
L3883k 52 5 #5040 T LA 4 4. 373 min 1 39 40 4 2 118 100
121 100
HEMFAENE 5.5 min 2245 09 20 43 B & s 07 B 8] /9 384 n 2(5) ziég
AL UEI O B e e 4 o PR/ 4.0 98.05
reaction time 4.5 100
5.0 100
5.5 100
0.72 43.52
0.91 71.22
- 1.05 83.40
%{Eﬂfﬁm/% 1.16 88.71
catalyst amount 127 95 41
1.38 100
1.49 100
2.0 56.46
. . 2. 70.72
0 2 4 6 8 10 5K J1/MPa 2.7 82.24
B 5] /mi ) 3.0 91.31
i) /min hydrogen pressure 33 97. 69
2 MHrFmEEeIEE 3. 100
4.0 100

Fig.2 Spectrogram of primary product

242 pFowyRimae s @y - B PEUERBERE, K KN 0.097 5 MPa, 5 Tl &y 225 ~
237 °C,HEAT 5 WAL 45 2R T3k 4 v
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Table 4 Results of distillation products

W B A TR IR 7 B R TR/ %
No. sample mass products mass after distillation distillation yield
I 238. 1906 228.6392 95.99
2 251.7679 241.3447 95.86
3 259.1073 246. 5665 95.16
4 255.8558 245.0843 95.79
5 247.9304 237.9141 95.96

MR 4 T LUE  ZE BRI KT 95 % o 78187 o FL A e ER, £ 2800 )T Fbe Ry, W
AREIE 0T, S EEIAE 95.6 % L b i i 2508 M i AR AR I R 5 min BT FD 8 min J5 Y 4% BT € £489H
2R T HC At 25 Jo 30 5 >R FH At 7 2k R 2
2.4.3 FonthsE s O T AR B AR R Y ) R SR I R R T R S B A HILES AR OO A
S HBEH T, AE 40 °C OIS A, B 10 g 2508 7 b I @ U R AR Bl 30 mL, 45 5 ok R R OR B N
0.5 °C/min, 45 Fh 2 SRR 20 °C o 45 AR BN SR KT 99.5 % By ]+ F ke 19, (] - e J5 193 1) ol i
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FRT 90 %, FHES & (%) J5 35 AT LAAT 250l B 4w 78 18 0 vk L PR iy 2% o

2.5 FRIRIE

2.5.1 IR &4 M3 Fal LIE H:3338. 18 em™ g i 52 5L AU 45 AE 16,2919, 31 em™ Oy F L ARAE 1
2850.47 em™ g7 H FEHFAE G | HL R b A BRE SRR SR AE 0

2.5.2 'HNMR 24 A 'HNMR %K WLE 4, B E P T LUE H: 'H NMR

(CDCL, ,400 MHz)8:7.13(t,J =7.6Hz, 1H) ,6.75(d, 1H) ,6.63(m, 2H) ,4.82

(s, 1H),2.54(t,J =8Hz, 2H) ,1.58(m, 2H) ,1.29(m, 24H) ,0.87(t,J =6.8Hz,

3H) o DA™ i B R AR B AT DUR 22 1% b O 18]+ e By, 45 0 =X A 2 CH,(CH,)13CH,

OH

T
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Fig.3 IR spectra of product Fig.4 'H NMR spectra of product in CDCl,
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X R W E AT M AN &, 28 WS04 B0 FLR T2 2 2 iR 118 °C, S I ] 4.5 h, AL 5
JERH B A 1.38 % , A E 108 3.6 MPa, i £ 38 5y 400 v/ min, JiN S AL RIAF] 100 % o EALGE L
HIH 6 UM RE 5 4 B Ak o T ISR B A Al i 60 il R AT Dol P 28 10, 28 080 A 4B R T 95.6 %, 223
— B EE S )G AR B T SR Y (8] - T AL, O X LA PR AT TR AR
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