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Hydrogenation reactions of p-toluidine over Ru/C were performed while varying reaction temperature, the hydrogen pressure,
catalyst loading, solvent, and alkali additive and the effects on the reaction rates and product distribution were examined.
4-Methylcyclohexylamine was generated as a main product and bis(4-methyl cyclohexyl)amine was obtained as a resentative
side-product for the hydrogenation reaction of p-toluidine. The selectivity of MCHA decreased with reaction temperature and
the hydrogen pressure while increased with catalyst loading. IPA was the best solvent for MCHA. A mechanism of hydro-
genation reaction of p-toluidine was suggested from the results. It was found that the presence of alkali salt increased MCHA
by reducing BMCHA and rates of hydrogen reaction increased.
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Figure 1. Apparatus for TLD Hydrogenation reaction; 1. Electric heat-
ing jacket, 2. Sampling port, 3. Cooling water inlet, 4. Solenoid valve,
5. Pressure gauge, 6. Magnetic drive, 7. Cooling water outlet, 8. Vent
line, 9. Temperature and speed controller.
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Table 1. Basic Operation Condition for p-toluidine Hydrogenation

Reaction Temperature 120 C
Hydrogenation Pressure 50 atm
Agitation 900 rpm
Catalyst Loading 5 wt%
Solvent Isopropanol
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Figure 2. The reaction profile of TLD hydrogenation (H, pressure; 50
atm, Temperature; 120 C, Agitation speed; 900 rpm, solvent; IPA 50
mL, Catalyst; Rw/C 5 wt%).
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Figure 3. The analysis results of TLD Hydrogenation at 120 C.
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Figure 4. The analysis results of TLD Hydrogenation at 160 C.
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Figure 5. The fragmentation pattem; (a) DPA, (b) MBP.

Table 2. The Effect of Temperature on TLD Hydrogenation

Selectivity (%)

Temp. Time Conv.

R oy wmy ) CHE MCHA MCH BMCHA PPA &

MBP
5 100 5 5096 021 68.68 426 2494 191
6 120 5 9463 023 7594 286 1947 1.50
7 140 5 9795 089 4410 731 2253 2517
8 160 5 9961 141 3.02 1393 2162 60.02

(TLD 25 g, H, pressure; 50 atm, Agitation speed; 900 rpm, Solvent; IPA
50 mL, Catalyst; Ru/C 5 wt%).

Table 3. The Effect of H, Pressure on TLD Hydrogenation

Selectivity (%
Pressure Time Conv. ty %)

Run
(atm)  (h) (%) CHE MCHA MCH BMCHA DPABP&

9 30 5 9070 024 7856 3.10 16.68 1.42
10 50 5 9463 023 7594 286 1947 1.50

11 80 5 9554 020 6436 3.51 2989 2.04

(TLD 25 g, Temperature; 120 C, Agitation speed; 900 rpm, Solvent; IPA
50 mL, Catalyst; Ru/C 5 wt%).
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Figure 6. Reaction scheme of TLD Hydrogenation over Ru/C.
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Figure 7. The effect of temperature on TLD Hydrogenation; (a) TLD
conversion, (b) MCHA selectivity (TLD 25 g, H, pressure; 50 atm,
Agitation speed; 900 rpm, Solvent; IPA 50 mL, Catalyst; Rw/C 5
wt%).
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Figure 8. The reaction profile of TLD hydrogenation at 160 ‘C (TLD
25 g, H, pressure; 50 atm, Agitation speed; 900 rpm, Temperature; 160
C, Solvent; IPA 50 mL, Catalyst; Rw/C 5 wt%).
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Figure 9. The effect of H, pressure on TLD Hydrogenation; (a) TLD
conversion, (b) MCHA selectivity (TLD 25 g, Temperature; 120 T,
Agitation speed; 900 rpm, Solvent; IPA 50 mL, Catalyst; RwC 5
wt%).
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Figure 10. The effect of catalyst loading on TLD Hydrogenation; (a)
TLD conversion, (b) MCHA selectivity (TLD 25 g, Temperature; 120
C, H, pressure; 50 atm, Agitation speed; 900 rpm, Solvent; IPA 50
mL, Catalyst; Ruw/C).

Table 4. The Effect of Catalyst Loading on TLD Hydrogenation
Selectivity (%)

loading Time Conv.

Run sy ()

MCHA MCH BMCHA DP%P&

227
1.38

CHE

12
13

0.5
3.0

40.74
88.27
14 5.0 94.63 023 7594 286 1947 1.50
15 7.0 5 9918 024 7777 392 16.73 1.34

(TLD 25 g, Temperature; 120 C, H, pressure; 50 atm, Agitation speed;
900 rpm, Solvent; IPA 50 mL, Catalyst; Ru/C).
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Table 6. The Effect of Additive Amount on TLD Hydrogenation

Selectivity (%)

Time Conv.

Selectivity (%)

Additive Time Conv.

Run Solvent (W) (%) CHE MCHA MCH BMCHA PP2 & Run W%) () (%) CHE MCHA MCH BMcHA PPA &

MBP MBP
16 MeOH 5 7436 028 63.65 398 2955 254 22 none 5 9463 023 7594 286 1947 150
17 EOH 5 9797 023 7468 270 2021 218 23 01 5 9736 030 78.86 336 1680  0.68
18 IPA 5 9463 023 7594 286 1947 150 24 1.0 5 99.14 024 8530 652 744 050
19 n-BuOH 5 8489 023 7486 3.85 17.88 3.18 25 5.0 5 9910 021 9273 3.87 122 1.97
20 THF 5 8337 024 8034 476 1390 0.76 26 10 5 99.00 022 92.82 338  1.00 258

21 DMF 5 13.19 021 6042 2.80 28.65 7.92

27 15 5 9940 021 9438 3.26 0.70 1.45

(TLD 25 g, H, pressure; 50 atm, Temperature; 120 C, Agitation speed;
900 rpm, Catalyst; Ru/C 5 wt%).
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Figure 11. The effect of solvents on TLD Hydrogenation; (a) TLD
conversion, (b) MCHA selectivity (TLD 25 g, H, pressure; 50 atm,
Temperature; 120 C, Agitation speed; 900 rpm, Catalyst; RwC 5
wt%).
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et ol= 417} & O basicdt 2AYSFE FAYAHE<C] BMCHA

(TLD 25 g. H, pressure; 50 atm, Temperature; 120 C, Agitation
speed; 900 rpm, Solvent; IPA 50 mL, Catalyst; Ru/C 5 wt%, Additive;
LiOH - H0).
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Figure 12. The effect of additive on TLD hydrogenation; (a) TLD con-
version, (b) MCHA selectivity (TLD 25 g. H, pressure; S0 atm,
Temperature; 120 ‘C, Agitation speed; 900 rpm, Solvent; IPA 50 mL,
Catalyst; RwC 5 wt% Additive; LiOH * H;0).
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Table 7. The Effect of Temperature on TLD Hydrogenation with
Additive

Selectivity (%)

Temp. Time Conv.

Run o)y (%) CHE MCHA MCH BMCHA 1A &

MBP
28 100 5 99.53 027 9416 324 134 0.99
29 120 5 99.10 021 9273 3.87 122 1.97
30 140 5 9952 020 7892 410 210  14.68

(TLD 25 g. H, pressure; 50 atm, Agitation speed; 900 rpm, Solvent; IPA
50 mL, Catalyst; Ru/C 5 wt%, Additive; LiOH - H>O).

3.5. M7HI(LiOH - H,0)H| 2|3 A&k

Aromatic amine 2] 1 43} WH-gol|A oJ7] 71| alkali & 7HA|
o] 913+ F3}ollA] LiOH - H,O7} TH alkali 7 ET 58 &3
w2 7RSS UERISIEH 7). 2 A - elM = FiE modify A
714 9 w2 solid HERQ] LiOH - HLOE H7MAIZ F1381 in situ
2 HESAIATE H7HA 9] el whE AT dEs Wt A A3
+ Table 63} Figure 12¢] YeRIth H7HA17F 91& 739 A&
94%, MCHA 2] AT 75%A+=d], A7H17F 0.1 wt%Z A% £

T NHS £5& 371 8k MCHA A8E% F71shs YUt
77 1.0 wi% o3 £ 2 w8 MCHA A¥%7t 34 S7F
Sh=tl 5 wi% oldelde WS Eel ARErt dYskA vERES
HolF3tk Alkali H7HA Tl wheh W& E7} S713 A2, ol
obd@A seHES] Fash Al BAE]E 24} ofvl 9 fRUolR 1%k
9] W 5] 8l wEQ Fo R AlgELys). &, &7
7} w5l AAbE 58 ate] Sujjel F2E SRt A @
oA YA gozm FHu v5o] 93t vk IS X%
o7 A7 E oY 14]. Sujwlo 7 W3S $aEd o] A
Tt = BMCHA S A4 E0] oF 1947%% =2 35 vehfgle
1} alkali7} 59l we} BMCHA7} A& AEE 1 MCHAS A#
57t 943%714 =7} Hltk Alkali £ S MCHAS Z71=,
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