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Resear ch progress on catalystsfor selective hydrogenation of
benzeneringswith retained substituent groups

SONG Yucong, DING Xiaoshu, ZHAO Xingiang, WANG Yanji"
(School of Chemical Engineering, Hebei University of Technology, Tianjin 300400, China )

Abstract: Selective hydrogenation of benzene rings in phenyl derivatives with complex substituent groups
is an atom-economic reaction, which can eliminate the potential harm of benzene ring to human health as
well as brings special functions to the synthesized materials. Herein, the research progress on catalysts,
operating conditions and reaction process for selective hydrogenation of benzene rings with retained
substituent groups was reviewed, with emphasis on the catalytic hydrogenation of benzene rings of aromatic
diamines, aromatic esters, aromatic methyl carbamates, polystyrene, biphenyls and bisphenol A. Noble
metals such as Rh, Ru, Pd and Pt were used as catalysts in order to retain the substituent group on the
reactant, while the activity and selectivity of non-precious metal catalysts such as Ni needed to be further
improved. The future research should focus on the development of high-performance catalysts with reduced
noble metal dosage or alternatives of noble metals.
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Table 1 Catalysts and reaction performances of 2,4-TDA hydrogenation to 2,4-MCHD

AT wl, B S S R/ % PR/ % E RPN
5%Ru/Al,0; VR 170 °C/7 MPa 31.1 713 [91
2%Rh/AlL,05 DY 4 1k R 170 °C/17 MPa 83.5 86.4 [10]
5%Ru/Al,0; S 148 °C/8.7 MPa 100.0 83.9 [10]
Pd. Pt/AC H,S0,, H,0 50 °C/0.3 MPa 95.0 97.0 [11]
5%Ru/C IETEE, NaNO, 140 °C/5.5 MPa 98.3 97.5 [12]
4%Rh/Al,0; Cas — Yt HEBE, LiOH 180 °C/6 MPa, 90.0 — [13]
3%Rh/y-Al,0;3 DU KM, LiOH 180 °C/25 MPa 95.0 80.0 [14]
5%Ru/Ce-MnO, — 220 °C/18 MPa 88.0 94.0 [15]
0.5%Ru/Mn-CrO, — 180~300 °C/1~7 MPa 84.2 87.5 [16]
Ru/Ce/Mn/Ba-Al,O;  — 215 °C/30 MPa 97.6 62.8 [17]
Raney-Ni HC ke 200 °C/9.6 MPa 54.0 33.3 [18]
Ce-Ru/y-Al,05% — 170~190 °C/3 MPa 90.5 55.1 [19]
Ru-Rh/ALO5 DY &k 190 °C/10 MPa 97.0 99.9 [20]
Ru-Rh/y-ALO; DU KR, LiOH 180 °C/8 MPa 99.6 84.0 [21]
Ce-Ru/y-Al,05 Y vk 180 °C/8 MPa 99.5 97.4 [22]
Ru/C 1L4-ZH AR 180~190 °C/8~9 MPa 94.0 95.0 [23]
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Table 2 Catalysts and reaction performances of MDA hydrogenation to H,MDA
Ak 5 sl I Z A TR A5 /% PR % B
RuAINiMC” RS 80~140 °C/3~5 MPa 100.0 100.0 [24]
5%Ru/AlO5 S ABE 160 °C/27.6 MPa 100.0 93.0 [25]
5%Ru/y-Al,0; Y S M 180 °C/5.5 MPa 100.0 36.8 [26]
1%Ru/ALO;” — 150 °C/30 MPa 99.0 94.8 [27]
1%Ru/Al,05” 1E TR 110 °C/30 MPa 99.0 97.2 [28]
Ru/RC3-2” RS 150 °C/8 MPa 99.0 90.0 [29]
5%Rh-Ru/C Y vk 130 °C/6 MPa 100.0 99.8 [30]
Ru/GO” R 220~260 °C/4~8 MPa 99.9 99.0 [31]
5%Rh/Al,05 FENEE . =K 75 °C/0.5 MPa 100.0 97.4 [32]
5%Rh/Al,04 SR ZK 117 °C/0.7 MPa 100.0 100.0 [33]
4%Rh/TiSr0; — 180 °C/5.9 MPa 99.0 81.4 [34]
Rh/AL,04 Y S 160 °C/5.9 MPa 100.0 99.0 [35]
Rh-Ru/TiO, Y vk 192 °C/6.9 MPa 100.0 96.0 [36]
Ru-Rh/ALO; Y vk 180 °C/8 MPa 100.0 97.0 [37]
5%Rh/ALO; G S M 190 °C/6 MPa 99.8 97.8 [38]
0.5%Rh-4.5%Ru/C DY Ik i 150~180 °C/4~6 MPa 99.7 98.3 [39]
Ru/ALO5+Ni/ALO; e 190 °C/8 MPa 99.9 96.5 [40]
4%Ru/MgAlO S TS] L 140 °C/4 MPa 100.0 99.9 [41]
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Table 3  Catalysts and reaction performances of DMT hydrogenation to DMCD

i

HEALF e AN LS FBHEAL R/ % TR B/ % S5 Sk
1%Pd-0.03%Ru/ALO;" Ru fEHIF] 184 °C/6 MPa 98.2 93.4 [46]
Pd-Ru/f-ALO;” — 220 °C/4 MPa 97.3 95.4 [47]
5%Pd/C — 150 °C/5 MPa 99.7 89.2 [48]
0.29%Pd/HTc-AlLO;" AE R UER ALO; 180 °C/8 MPa 99.6 96.5 [49]
Ru-HTc-ALO," AR ALO; 180 °C/8 MPa 98.2 96.9 [50]
0.3%Pd/MgO — 180 °C/4.5 MPa 100.0 97.0 [51]
5%Ru/C Ru #74% 2~4 nm 110 °C/3 MPa 99.0 96.5 [52]
5%Ru/C TUVE Tl % 100 °C/4 MPa 99.9 98.9 [53]
2%Ru-MC? Ru [# %€ £ ] AL EE 120 °C/4 MPa 59.6 100.0 [54]
3%Ru/CN” LGSR 1 R 2T R 140 °C/5 MPa 100.0 99.3 [55]
3%Ru/Al,04 — 95 °C/4.5 MPa 100.0 98.8 [56]
5%Ru/ALO; KAL y-ALO; VERRAK 140 °C/5 MPa 100.0 95.5 [57]
5%Ru-W/ALO;" — 150 °C/5 MPa 94.4 95.7 [58]
Ru particle K BWA Ru—S Fl Ru—O BN 210 °C/4 MPa 100.0 99.4 [59]
Ru/ffL £ Ru b F 5y 150 ‘C/4 MPa 100.0 97.6 [60]
Ru/ffL+” Ru b F 5y 140 ‘C/5 MPa 99.6 99.4 [61]
4.95%Ru-0.05%Pd/C Ru Jhy F B4 5y 140 °C/4 MPa 99.8 96.3 [62]
Ru-Pd/0-Al,0; — 180 °C/8 MPa 88.5 96.2 [63]
1.96%Ru-1.03%Pd/C PRI JR 50 °C/1 MPa 100.0 98.7 [64]
1%Ru/Ni/Ni(Al)Ox BRERK I A7 R gk A 90 °C/6 MPa 99.3 93.2 [65]
Rh/AIO(OH) SRR YK AR 3k 75 °C/0.4 MPa 100.0 100.0 [66]
40%Ni/AL0," — 140 °C/3.5 MPa 89.0~99.0 63.0~80.0 [67]
QS-Ni” B4 Ni 95 °C/6 MPa 100.0 92.3 [68]
Ni-Ba-Mo-Fe/SiO, — 150 °C/10 MPa 99.8 100.0 [691
Ni/NiO/AL O Ni,Al-LDH #3 A 1E if 4K & 110 °C/6 MPa 100.0 93.0 [70]
0.4%Ru-2%Ni/CNT® TRAKAE Ve 150 °C/5 MPa 80.0 95.0 [71]
Cu,Fe,Cr, JERBE E ALY (LDHSs) A R 9R 4 240 °C/3 MPa 100.0 53.6 [72]
Rus/Al,SBA-15 Al B SBA-15 2 1-iifi 100 °C/4 MPa 100.0 85.4 [73]
Ruys5-Reg13/AC Ruw/Re i LIEHH 10 70 °C/3 MPa 82.0 96.0 [74]
Pt/C — 140 °C/5 MPa 100.0 99.2 [75]
0.55%Ru/ALO;" — 190 °C/6 MPa 98.7 81.3 [76]
NiAl-600 600 °CifJEAfEAb5] 90 °C/6 MPa 99.9 93.3 [77]
RuPd/HTc-AlO5-1 KIG A, Ru/Pd REHE N 1 180 °C/8 MPa 99.6 96.1 [78]
Pd/HTc-6-Al,0; IKIG A 0-ALO; 180 °C/8 MPa 96.0 98.5 [79]
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Table 4 Catalysts and reaction performances of DOP hydrogenation to DEHCH

AL 5 EPs e s JFERHEACR /% PR % S5 30k
Ni-AlO BRER K T A S Wi SR A 150 °C/5 MPa 99.0 99.0 [80]
Raney-Ni BEA4 100 °C/7 MPa 99.9 98.8 [81]
60%Ni-Al,05-B” — 160 °C/4 MPa 100.0 — [82]
KAk Ni 2" — 180 °C/8 MPa 100.0 99.2 [83]
Ni-La YA AR AR 110 °C/3 MPa 100.0 99.5 [84]
Ni,Al-MMT? E et il SUERAN Ry i ail 150 °C/5 MPa 99.0 99.0 [85]
15%Pd/Ni,, it i 4 L 180 °C/7 MPa 100.0 100.0 [86]
1%Rh/Al-MCF” R A LI IR 80 °C/6.8 MPa 100.0 100.0 [87]
0.45%Ru/AC" LI PR 120 °C/4 MPa 100.0 100.0 [88]
RuPt, ¢/AC Pt $52¢ 120 °C/4 MPa 99.4 99.5 [89]
Ru/AC — 120 °C/6 MPa 98.0 96.0 [90]
Rh/AC — 170 °C/2 MPa 99.5 100.0 [91]
Ru@C-DP” TURR-ULTE s il 45 80 °C/2 MPa 99.3 99.8 [92]
RuPt/AC W4 Jm — 100.0 100.0 [93]
Ru/N,,-AC INEZ >3 90 °C/4 MPa 74.7 73.6 [94]
RuNi/AC W4 120 °C/4 MPa 62.1 99.7 [95]
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Mechanism diagram of RuNi/AC bimetallic catalyst
in catalyzing DOP hydrogenation reaction®!
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Fig. 2 Green and essential safety reaction pathway for the synthesis of HTD
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Table 5 Catalysts and reaction performances of PS hydrogenation to PCHCE

AL sl SN A g% B SCER
Pd/BaSO, IR O 190 °C/12 MPa/72 h 97.0 [1o1]
Pd/CaCO; b 140 °C/3.4 MPa/12 h 100.0 [102]
Pd/Al,0; HC ke 190 °C/10 MPa/8 h 65.0 [103]
Pd/BaSO, (] 150 °C/5.5 MPa/10 h 42.3 [104]
Pd/CNTs T& 2% 150 °C/5.8 MPa/0.67 h 99.8 [105]
Pd/C Wb 160 °C/6 MPa/6 h 99.0 [106]
Pt/SiO, okt 140 °C/3~10 MPa/5 h 100.0 [107]
Pd/SiO, A% 150 °C/7 MPa/10 h 95.0 [108]
Pd-CF” A% 150 °C/5.8 MPa/10 h 76.0 [109]
Pd/CNTs@NF? T& 2% 180 °C/5.8 MPa/10 h 87.0 [110]
Pd/CNTs@CFs” T& 2% 180 °C/5.8 MPa/10 h 52.7 [111]
Pd/Ram-MSM"” DU 5 M3 L 150 °C/5 MPa/10 h 95.0 [112]
Pd/MCF” AL 150 °C/7 MPa 99.4 [113]
Pd/MCF” Ni, Co. Zn 150 °C/7 MPa 99.6 [114]
Pd/CNTs@CHC-HFn" TEZE 150 °C/5.8 MPa/6 h 100.0 [115]
CNTs@NF® — 180 °C/5.8 MPa/10 h 68.8 [116]
Si0,/Fe;04 Rl 120 °C/8 MPa/5 h 90.0 [117]
Pd/N-SiO, — 162 °C/3.5 MPa/8.6 h 90.0 [118]
Pt/SiO, — 150 °C/6.7 MPa/0.8 h 100.0 [119]

DCF HRALIAR I & ; ONF AL iRER; GCFs 2 Fe B M B I1IK; @MSM R RILAH A ; GOMCF R FL — &LRE R 5

©CHC-HFn b 575 1 e w5 P e
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HOHHK (CHB ) E—FP B B AR i,
Bt B RE VR VR 4 B AN BT 2 e, LR SR e SR AR
T CHB 4 FH&AWA/STO, A
4 (TFT) WEARHOOE R, L CHB M
BT PUR R oy AN N L 1 B N = (R
b R (BP) 2l T R po @l i, PRk
HF®ARR. K BP mEIME A CHB, nlEmass
P, A (8) FiR. XFF BP AN A
A CHB J I A WEFAHGE . 36 6 511 T BP A3
TR InEH CHB ALH] . B AE 51 B s b M
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M 6 AT UL, BP ARIFMEH CHB N i1k
FIEZRAES 48 Ni, Cu fI5t4 )8 Pt. Rh ik
PR 1 R AR R . o, QS-Cu fAFE IR Z
MLALE, HALBRAARGE, MEAFIR AL 2 20
TEPERE T A MR S . T R
RO BRI S T B S S I 2 A 45 2 S g 4 R [
FER N A Hodr, IBASAE R BP A H CHB X
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6 X A EEMEH SN A RN

Wy A (BPA) EEZEMITER, EEHT
il & Z M FAR, WERRIREE . AR W
B i LA B AR i 5 i A g 2134200 (B P47
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Table 6 Catalysts and reaction performances of BP hydrogenation to CHB

FEAE R el S A R A /% Y% B0k
pt/C” H O ke 160 °C/3 MPa 1.2 91.2 [123]
Rh,Co,(CO);, ES 60 °C/1.4 MPa 99.0 84.0 [124]
Rh/C — 70 °C/1 MPa 86.2 66.8 [125]
Raney Ni-Al FRmd P AR I T 90 °C/0.1 MPa — 95.0 [126]
Qs-Cu? SN 140 °C/2 MPa 100.0 97.7 [127]
Ni-Cu-Zr-Mo Oxide — 130 °C/4 MPa 99.1 95.9 [128]
NiMoZn" — 75 °C 96.6 90.8 [129]
MMoWS? RAYS 300 °C/5.5 MPa 99.0 52.0 [130]
Ni-Cu/ALO; EINwR 200 °C/2.2 MPa 94.7 99.8 [131]
Metallocene BN o 60 °C/1 MPa 100.0 99.5 [132]
Ni/SiO, SRR 200 °C/3 MPa 100.0 99.0 [133]

OB R A, HAa g ; @QS-Cu N4

X} F BPA AR A i HBPA J2 b oA W45 )
1.3 75 H T BPA JRIMEAL N A i HBPA fEALF] |
BEAEAAE B N PERE . H AT, BPA JINE F 2R Ru.,
Rh. Pd #EALH] . AT Rh/C VE IR AT BPA

Cu; @MMoWS Al I 4 J8 A m AL

PR i A AR A AT EHA X T A B
ERVVEIEF B A SR, HHEGMEH S 7
R Ik, TRRMRIRAR . R, WS
ML BA H RS

# 7 BPA LIS HBPA HEALH B S v PEfE
Table 7 Catalysts and reaction performances of BPA hydrogenation to HBPA

HEALF S A JFRHE A% PRI % 27 3k
10%Ru/C 60 °C/1 MPa 100.0 100.0 [137]
10%Rh/C 60 °C/0.5 MPa 100.0 100.0 [137]
1%Ru-0.03%Rh/ALO;" 170 °C/7.8 MPa 100.0 94.0 [138]
5%Ru/MCM-41 85 °C/5 MPa 99.6 91.9 [139]
5%Ru/C 120 °C/4 MPa 100.0 97.9 [140]
3%Ru/ALO; 160 °C/4.5 MPa 100.0 97.1 [141]
Titanate-NTs” 200 °C 91.0 — [142]
Pd/Niw 180 °C/7 MPa 100.0 100.0 [143]

D E R A s QIR S &, HARB AL AT ; Titanate-NTs 8RR 49 KA FARE L)
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OH
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Fig.3 Reaction mechanism of aromatic ring hydrogenation
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Table 8 d Orbital holes and d’ of transition metals''®*

w| d d1% | &JE o 4 A% | &ld dX dT%
Cr 45 39 | Rh 1~2 50 | Sc 20 —
Mn 3~4 40 | Pd 0~2 46 | Ti 27 —
Fe 2~3 40 | Ag 0~1 36 | V 35 —
Co 1~3 38 | W 4~6 43 Y 19 —
Ni  0~2 40 | Re 3~5 46 | Zr 31 —
Cu 0~1 36 | Os 2~4 49 | Nb 39 —
Mo 4~5 43 Ir 1~3 49 | La 19 —
Tc 3~4 46 | Pt 0~1 44 | Hf 29 —
Ru 2~3 50 | Au 0 — | Ta 39 —

b 25 PR LiOH &4 i Ru-Rh/y-AlLO; A4:
JE& NAEALH], BFFE T 2,4-TDA ZIME SN . KA,
Ru-Rh X4 @ Ru LEBLHE RS, 2,4-TDA 7
RPN TR R (—NH,) R BE R
TAIRE, BHTFESMNFEIREESTE Ru L RALF
MR s B FIRAS K Rh 506 H, W RHE b4 A
R, JRE SR RE RS E Ry
S 5RAINE RN . HAREHLIE AN E 4 FroR o [FET,
LiOH 4T y-ALO; RN, IHIRA - HEAE
A ) 2 b A e

K U IESE T Ru/CNTs fifLb#) | p-PDA
RIRME AW 1,4-CHDA i, H LR & &
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Fig. 5 Catalytic mechanism of hydrogenation of p-PDA to

1,4-CHDA#!

9 #HFRIEERE

£ BR BRI A B 2R IR e PR I &Us T 4 5%
FE, Higfezs Tk i B S s b 2 — o AL
AT ARG H N JFEBR . AR IR EE |
RIELN . BN A SRR BRI A 55 S A&
YIRS AR BRI, I X% R B F 5T AL
B A P wb U A VA L K i1 B2 B S e 7] v i
HA R IR DI RE, IR0/ T8 A R R
AP NIRRT E . BT, mrknefi
FFEF L Rh, Ru. Pd #1 Pt &5t 48 ¥, Ni &3k
B4 R AL T B R R — 2R e . A
U, mERRE . LR M AT A A A R B
A AELES

TEARAFFT A, AT LLF 5 T X b3 s v 3R A 7
BIE: (1) MRERESE B mERIE RS R
LTI RS . ean . 51 BRYT B 52 53 i 25 34
RN . B P A R PRI X U A T
PR A (R RS L T3 S RS AR e, i
TRT LA AT PR B4 VR FH L[] B e AR A £ 7] i

Ao (2) MEAMPEAT B, P B R T S
PEL Jr Z T AR AR, S P 0 19 e JEE 0 K
FIAT RS PE AL BB . (3) i JEU7 AR
Xof ARSI SRR SE, AR Y
TFRARMEEIETE S (4) BB SNSRI R
BRI U, B i1 B 2) GORIAS i 2 4
IR EAL S B8 AR, T 0 S e B AL TR R

S 3k

[1]  MUSTAFA T, ALAATTIN U. Benzene and its health effects[J]. Taf
Preventive Medicine Bullletin, 2008, 7(6): 541-546.

[2] LIS F (Z4Z5), LIU B R (XI3E), GAO W X (55305, et al.
Kinetics of benzene gas-phase hydrogenation over industrial nickel
catalysts[J]. Journal of Chemical Engineering, 1982, (4): 337-347.

[3] JIANG W, CAO J P, ZHAO X Y, et al. Highly selective aromatic
ring hydrogenation of lignin-derived compounds over macroporous
Ru/Nb,Os with the lost acidity at room temperature[J]. Fuel, 2020,
282: 118869.

[4] TRAN B L, FULTON J L, LINEHAN J C, et al. Rh(CAAC)-
catalyzed arene hydrogenation: Evidence for nanocatalysis and
sterically controlled site-selective hydrogenation[J]. ACS Catalysis,
2018, 8(9): 8441-8449.

[S] MAEGAWA T, AKASHI A, YAGUCHI K, et al. Efficient and
practical arene hydrogenation by heterogeneous catalysts under mild
conditions[J]. Chemistry, 2009, 15(28): 6953-6963.

[6] LIZ, ASSARY R S, ATESIN A C, et al. Rapid ether and alcohol C—
O bond hydrogenolysis catalyzed by tandem high-valent metal triflate +
supported Pd catalysts[J]. Journal of the American Chemical Society,
2014, 136(1): 104-107.

[7] CAO J Y, HAN F G, WANG L G, et al. Ru/g-C5Ny as an efficient
catalyst for selective hydrogenation of aromatic diamines to alicyclic
diamines[J]. RSC Advances, 2020, 10(28): 16515-16525.

[8] KIM Y J, LEE J H, WIDYAYA V T, et al. Effect of alkali metal
nitrates on the Ru/C-catalyzed ring hydrogenation of m-xylylenediamine
to 1,3-cyclohexanebis(methylamine)[J]. Bulletin of the Korean
Chemical Society, 2014, 35(4): 1117-1120.

[91 GUO Y Q (¥6il#k). Study on synthesis of cycloaliphatic amides
from aromatic amides hydrogenation over supported Ru catalyst[D].
Tianjin: Hebei University of Technology (4L Tl K2#), 2007.

[10] VEDAGE G A. Hydrogenation of meta-toluenediamine: US5973207[P].
1999-10-26.

[11] GRECO N P. Hydrogenation of phenyl primary amines to cyclohexyl
amines: US3520928[P]. 1970-07-21.

[12] KIM H S, PARK K Y, KWON Y S, et al. Method for preparing
cycloaliphatic diamines from aromatic diamines: US6075167[P].
2000-06-13.

[13] BURDENIUC J J, VEDAGE G A, COOK B H. Hydrogenation of
single ring aromatic diamines: US6429339[P]. 2002-08-06.

[14] OSSWALD F, BRAUCH K H, BOTTCHER A, et al. Method for
producing 1,2-diamino-3-methylcyclohexane and/or 1,2-diamino-4-
methylcyclohexane: US8134028[P]. 2009-10-08.

[15] KIEL W, ZIRNGIEBL E, JENTSCH J D, et al. Ruthenium catalysts,
their preparation and a process for preparing cycloaliphatic polyamines
using these catalysts: US5663443[P]. 1997-09-02.

[16] WEISSEL O. Process for the hydrogenation of an aromatic amine
and the supported ruthenium catalyst used in the process: US
4186145[P]. 1980-06-29.

[17] DARSOW G, PETRUCK G M. Process for preparing a mixture of amino-
methyl-cyclohexanes and diamino-methyl-cyclohexanes: US5741929[P].
1998-04-21.

[18] GRAY TJ, MASSE N G, HAGSTROM R A. Raney nickel catalysis



© 2108 ¢

A% 4m 4 T FINE CHEMICALS

540 &

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

(38]

of aromatic amines: US4503251[P]. 1985-03-05.

LI W (Z=#). Study on the synthesis of methyl-cyclohexyl diamine
from toluene diamine hydrogenation and optimisation of catalysts
and fixed-bed processing conditions[D]. Shanghai: East China
University of Science and Technology ({£Z- ¥ T.K%%), 2017.
ZHAO Z Q (% 4x). The preparation method of alicyclic amine
curing agent: CN104177262A[P]. 2016-08-24.

ZHONG Y K (4l A4, FENG F (F#), LU C S (51, ef al.
1-Methyl-2,4-cyclohexanediamine synthesis via 2,4-toluenediamine
hydrogenation catalyzed by LiOH modified Ru-Rh/y-ALO;[J].
Journal of Chemical Engineering of Chinese Universities (fRi# k2%
TR, 2017, (31): 1379-1388.

LI X M (ZEEW), XU TY (#x#5), HONG J J (BER), ef al.
Method and catalyst for the selective hydrogenation of toluenediamine to
produce methylcyclohexanediamine: CN106994344A[P]. 2017-08-01.
LIANG C H (#Kiff), DUAN Q B (Btitt), LI T Y (FEKiR).
Selective hydrogenation of diaminotoluene by continuous method for
the synthesis of methylcyclohexanediamine: CN114380698A[P].
2022: 04-22.

HU S (#3%). Study on the catalytic activity of ruthenium, nickel and
copper with skeletal structure[D]. Dalian: Dalian University of
Technology (JGZEHE T K2%), 2006.

ALLEN G F. Catalytic hydrogenation of di(4-aminophenyl)methane:
US4448995[P]. 1984-05-15.

FUDAGE G A (Ji5#% G A), DING H (T %), ENGEER M J (Bit%
/K M J), et al. Hydrogenation of aromatic amines to alicyclic amines
using lithium aluminate-based catalysts: CN1970528[P]. 2007-05-30.
SCHMELZER G H, ALLEN G F, BUB G K H, et al. Process for the
production of 4,4'-diamino-dicyclohexylmethane with a low trans-
trans isomer content by the catalytic hydrogenation of 4,4’-diamino-
diphenylmethane: US5196594[P]. 1993-03-23.

DIETRICH M, GERHARD T.
bis-paraaminocyclohexyl-methane contatmng a low proportion of

Catalyst for preparing
trans-trans isomer by hydrogenation of methylnediamine: US5578546[P].
1996-11-26.

QI W S (GFHEJ), HU S (#1%€), CHEN W B (B:3CU%). Study on
catalytic hydrogenation of MDA to prepare H;MDA[J]. Journal of
Materials Engineering ($4} T.F2), 2008, (S1): 406-413.

LYU L H (B %), MA D Q (%7E3%), QI W S GFHEJT), et al. The
method for preparing H;;MDA by hydrogenation
CN101050184[P]. 2007-10-10.

FU J Q (f5#30), WANG L Y (F¥ %), ZHANG J (#1R), et al. A
method for the synthesis of 4,4-diaminodicyclohexylmethane:
CN113929584A[P]. 2022-01-14.

CHUNG T, DILLON M, LINES G. Process for hydrogenation of
di(4-aminophenyl)methane with a rhodium catalyst: US3856862[P].
1974-12-24.

FARRISSEY W J, FRULLA F F. Catalytic hydrogenation process for
preparing di(4-aminocyclohexyl)methane: US3591635[P]. 1971-07-
06.

VEDAGE G A, ARMOR J N. Hydrogenation of aromatic amines
using mixed metal oxide support: US5545756[P]. 1996-08-13.
VEDAGE G A, HENDERSON W W, TOSELAND B A, et al.
Hydrogenation of aromatic amines to produce their ring hydrogenated
counterparts: US4960941[P]. 1990-10-02.

CASEY J P, FASOLKA M J. Hydrogenation of methylenedianiline to
produce bis(para-aminocyclohexyl)methane: US4946998[P]. 1990-
08-07.

SU W T (#3C)£), CHEN F Q (FFFk), FANG H L (FHIR), et al.
Study on the preparation of low trans-trans isomer PACM by

reaction:

hydrogenation of MDA[J]. Chemical Reaction Engineering and
Technology (k¢ TF25 T.25), 2005, 21(1): 12-15.

LI X (%), ZHANG C Y (3KEER), LIU Z G (AHRE), er al. A
method for preparing diaminodiphenylmethane by hydrogenation:

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

(511

[52]

[53]

[54]

[53]

[56]

CN108440311A[P]. 2018-08-24.

OUYANG W B (RKFH3CE), LEL (54%), YANG Y J (#H1%), et al. A
Ru-Rh/C bimetallic catalyst and its preparation method and
application: CN109174091B[P]. 2022-02-25.

LU X H (& # ¥F). "One-step" high-selectivity catalytic full
hydrogenation of nitroaromatic hydrocarbons to prepare alicyclic
amines[D]. Wuhan: Hubei University (14t K2%), 2015.

ZUO L, CAI J X, GUO Z Y, et al. Effect of amine group on the
hydrogenation of aromatic rings over Ru/MgO-Al,O; catalysts[J].
Catalysis Communications, 2022, 170: 106496.

SUN X J (#M441T). Research progress on the synthesis of dimethyl
1,4-cyclohexanedicarboxylate from dimethyl terephthalate[J]. Speciality
Petrochemicals (K 2H-A1 AL T), 2003, (2): 58-60.

DENG Z Y (XBi&5H), SU J N (JMEDE), NI X Q (fid/hBx), et al.
Research progress on catalysts for hydrogenation of dimethyl
terephthalate to 1,4-cyclohexanedimethanol[J]. Journal of Southwest
University for Nationalities (Natural Science Edition) (P4Rg R% A
R FARBLEIR), 2020, 46(5): 457-463.

SHI H (21f), ZHAO X Q (BiF#f), ZOU Z (4FJ’). Research
progress on heterogeneous catalysts for DMCD synthesis[J].
Chemical Industry and Engineering (fb2% Tl 5 T.4%), 2019, 36(5):
25-30.

GUSITASEN B L ({7 #7357 B L), TANNANTE B A (3754} B A),
GUO Y J (3’7 f@), et al. Low pressure process for hydrogenation of
dimethyl  phthalate  to form  corresponding
cyclohexanedicarboxylate: CN1099745A[P]. 1995-03-08.
LIN P Z (#85%%), DUAN D Y (Bt K55), DING Y J (T =), et al.
Catalyst for producing dimethyl 1,4-cyclohexanedicarboxylate by

dimethyl

hydrogenation of dimethyl terephthalate and preparation method
thereof: CN01110643.3[P]. 2002-11-20.

SUN X J (FME1T), DUAN D Y (BEKH), QLY W (GFEH), et al.
Study on the preparation of dimethyl 1,4-cyclohexanedicarboxylate[J].
Journal of Fuel Chemistry and Technology (¥ARMbEZ4224), 2004,
32(5): 601-605.

TOIDA K, SATO K, SUMITANI K. Production of 1,4-
cyclohexanedicarboxylic dimethyl ester: JP07149694[P]. 1995-06-13.
ZHANG F Z, CHEN J L, CHEN P, et al. Pd nanoparticles supported
on hydrotalcite-modified porous alumina spheres as selective
hydrogenation catalyst[J]. AIChE Journal, 2012, 58(6): 1853-1861.
CHEN J L (B&finfi), LI R L (Z=%iF]), QIU G Y (I ). Preparation
and hydrogenation performance of supported Ru catalysts[J]. Fine
Chemicals (K§4ii4k T.), 2019, 36(11): 2243-2251.

LI Y H (ZEiEfE), PENG S C (1), L1 H (Z#). Catalytic
dimethyl  terephthalate to  dimethyl
1,4-cyclohexanedicarboxylate[J]. Journal of Shanghai Normal
University: Natural Science Edition (_WITvE RK2E2E4]: HIRFRF
FR), 2016, 45(6): 676-679.

WANG X H (EBE2£r), XIN T N CERF), MAY H (Zh7K3K), et al.
Low  pressure  hydrogenation to  synthesize  dimethyl
1,4-cyclohexanedicarboxylate[J]. Petrochemical (f17fiftT.), 2007,
36(5): 433-436.

SHI H (%), ZHAO X Q (BFHF), ZOU Z (4BJ&). Ru/C catalytic
hydrogenation  of  dimethyl dimethyl
1,4-cyclohexanedicarboxylate[J]. Modern Chemical Industry (BAf{
1£T), 2019, 39(3): 185-188.

JIANG Z L (#%1EK). Preparation and catalytic hydrogenation of

aromatics performance of mesoporous ruthenium-carbon with

hydrogenation  of

terephthalate  to

semi-embedded Ru nanoparticles[D]. Hangzhou: Zhejiang University
of Technology (WYL Tk K2%), 2016.

SU J N (JME0E), GUO X Z (38754), WANG G Y (EANY), ef al.
Catalytic hydrogenation of dimethyl terephthalate to dimethyl
1,4-cyclohexanedicarboxylate over Ru/CN catalyst[J]. Fine Chemicals
CRE4m1ET), 2021, 38(7): 1505-1512.

REN G Q (fEE), ZHANG H K (#K%:%}), CHEN X R (FRIFA),



55010

R,

A DR B MR AT 0 4 B % T 2605 7 ARV 5 i e

© 2109 -

[57]

(58]

[59]

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

(70]

(71]

[72]

(73]

et al. Catalytic hydrogenation of dimethyl terephthalate to dimethyl
1,4-cyclohexanedicarboxylate over Ru/Al,O; catalyst[J]. Journal of
Nanjing University of Technology: Natural Science Edition (Fg3< T.
W RS2 FARRIEAR), 2015, 37(4): 15, 10.

SONG J W (R4 30), ZANG H (Je(ith), SHEN T Y (PkA&—), er al. A
ruthenium/alumina catalyst, preparation method and application
thereof: CN201310753005. 7[P]. 2014-04-02.

ZHANG J (3K4%). Studies on catalytic hydrogenation of dimethyl
terephthalate to dimethyl 1,4-cyclohexanecarboxylate[D]. Shanghai:
East China University of Science and Technology (fEAR¥ T.K2%),
2020.

LIU Z Y (XIff%), HAN S Y (##Ff), LI B T (%), et al.
Catalyst for producing dimethyl 1,4-cyclohexanedicarboxylate by
selective hydrogenation of dimethyl terephthalate and its preparation
method and use method: CN201510513293.8[P]. 2015-11-18.
YITB, JITAIJ YANCTYL, et al. Method for preparing
cyclohexanedimethanol: JP1223631A[P]. 1999-07-21.

MAGARA M, ONODA Y, YAMAZAKI F. Production of
1,4-cyclohexane dimethanol: JP06192146 [P]. 1994-07-12.

ZANG H (i), XIA Z (&), SHEN W W (L 1)), er al.
Catalytic hydrogenation of dimethyl terephthalat to prepare dimethyl
1,4-cyclohexanedicarboxylate Ru-Pd/C  catalyst[J].
Chemicals (K52H4L T), 2014, 31(4): 447-451.

CHEN J L, LIU X, ZHANG F Z. Composition regulation of
bimetallic RuPd catalysts supported on porous alumina spheres for

over Fine

selective hydrogenation[J]. The Chemical Engineering Journal, 2015,
259: 43-52.

BAI Q (H3#), WANG Q (E3#), XIAO H L (H41fi%), et al. A
preparation method of a catalyst for preparing cyclohexanedicarboxylic
acid dibasic ester and uses thereof: CN105536784A[P]. 2016-05-04.
JIA HM, YANG Z X, YUN X H, et al. Confined NiRu bimetallic
catalysts for hydrogenation of dimethyl terephthalate to dimethyl
cyclohexane-1,4-dicarboxylate[J].  Industrial &
Chemistry Research, 2019, 58(51): 22702-22708.
PARK I S, KWON M S, KANG K, et al. Rhodium and iridium
nanoparticles entrapped in aluminum oxyhydroxide nanofibers:

Engineering

Catalysts for hydrogenations of arenes andketones at room
temperature with hydrogen balloon[J]. Advanced Synthesis &
Catalysis, 2007, 349 (11/12): 2039-2047.

SONG G Q (R[Hi#), DU W B (3 308), CAO Y M (& 5148), er al.
A kind of preparation method of dimethyl cyclohexanedicarboxylate:
CN01108270.4[P]. 2001-08-15.

XU X Q (f&I%3%), RONG Z M (57%M), DU W Q (FL3C5iR), et al.
Catalytic hydrogenation of dimethyl terephthalate to dimethyl
1,4-cyclohexanedicarboxylate over modified skeletal nickel[J]. Fine
Chemicals (K52H1L T.), 2010, 27(12): 1239-1243.

LI X K (Z=258), TANG M X (FF#2%), DU M X (LB, et al. A
kind of phenylcarboxylate hydrogenation catalyst and preparation
method and application thereof: CN102631925A[P]. 2012-08-15.

LI X F (Z&%¥). Preparation and catalytic properties of metallic
catalyst materials for hydrogenation of dimethyl terephthalate[D].
Beijing: Beijing University of Chemical Technology (ALITfbT. K
), 2015.

HUANG Y Q, MA Y, CHENG Y W, et al. Dimethyl terephthalate
hydrogenation to dimethyl cyclohexanedi-carboxylates over bimetallic
catalysts on carbon nanotubes[J]. Industrial
Chemistry Research, 2014, 53(12): 4604-4613.
LIY W, WANG M, LIU X W, et al. Catalytic transformation of PET
and CO, into high-value chemicals[J]. Angewandte Chemie, 2022,
134(10): 61-65.

YU W, BHATTACHARIEE S, LU W Y, et al. Synthesis of Al
modified SBA-15 supported Ru catalysts by chemical fluid deposition for

& Engineering

the hydrogenation of dimethyl terephthalate in water[J]. ACS
Sustainable Chemistry & Engineering, 2020, 8(10): 4058-4068.

[74]

[75]

[76]

(771

[78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

(86]

(87]

[88]

[89]

[90]

(o1

QU E H, LUO J J, DI X, et al. Selective hydrogenation of dimethyl
terephthalate to 1,4-cyclohexane dicarboxylate by highly dispersed
bimetallic Ru-Re/AC catalysts[J]. Journal of Nanoscience and
Nanotechnology, 2020, 20(2):1140-1147.

TANG H, LIN, LI G Y, et al. Synthesis of gasoline and jet fuel range
cycloalkanes and aromatics from poly(ethylene terephthalate)
waste[J]. Green Chemistry, 2019, 21(10): 2709-2719.

LIW L (Z=30JE), SONG Y J (RITIL), L1Y (), et al. Activity of
dimethyl dimethyl
1,4-cyclohexanedicarboxylate over low load Ru/ALO; catalyst[J].
Natural Gas Chemical Industry (KIRALT.: C1 fb2:546T),
2020, 45(5): 39-42.

FAN Q N, LI X F, YANG Z X, et al. Double-confined nickel
nanocatalyst derived from layered double hydroxide precursor:

terephthalate hydrogenation to

Atomic scale insight into microstructure evolution[J]. Chemistry of
Materials, 2016, 28(17): 6296-6304.

CHEN J, GUO L, ZHANG F Z. The role of hydrotalcite-modified
porous alumina spheres in bimetallic RuPd catalysts for selective
hydrogenation[J]. Catalysis Communications, 2014, 55: 19-23.
ZHANG F Z, CHEN J L, CHEN P. Pd nanoparticles supported on
hydrotalcite-modified porous alumina spheres as selective
hydrogenation catalyst[J]. AIChE Journal, 2012, 58(6): 1853-1861.
BAI G Y (11 %), NIE S L (1), LI W J (Z3CR). Regulation
of hydrogenation performance of dioctyl phthalate over nickel-based
nano-catalysts derived from hydrotalcite[J]. Journal of Hebei
University (Natural Science Edition) (JAlJb K 2f24dk:  HSARMAM),
2021, 41(5): 503-510.

LIU X T (XIHéfE). Study on preparation of environmental friendly
plasticizers  di(2-ethylhexyl)-1,2-cyclohexane  dicarboxylate[D].
Qingdao: China University of Petroleum (East China) [ "' [E Ak
2 (4EKR)) 2014

JIE Z, XUE M W, YUAN H, er al. Hydrogenation of dioctyl
phthalate over supported Ni catalysts[J]. Catalysis Communications,
2011, 16(1): 30-34.

ZHAO K T (&JF42), ZHU Y H (RERHF), FENG H Q (IhifEsR),
et al. The study on the hydrogenation process of dioctyl phthalate[J].
Shandong Chemical Industry (L1 4 fLT.), 2012, 41(7): 31-33.

LIU Z'Y (XIff3%), LIU S C (XI#4), ZHENG Q Y (FR3 5), et al.
A kind of preparation method of catalyst for producing cyclohexane
plasticizer by liquid-phase hydrogenation of o-benzene plasticizer:
CN107570150A[P]. 2018-01-12.

NIE S L (ZiH#). Preparation of nickel-based nano-catalysts for
dioctyl phthalate hydrogenation[D]. Baoding: Hebei University (77
LK), 2020.

SUY C, WANG C C, CHEN CY. Kinetic study of the hydrogenation
of bis(2-ethylhexyl) phthalate with a one-dimensional Pd-Ni
bimetallic wire[J]. Chemical Engineering Research and Design,
2020, 161: 178-186.

LENDE A B, BHATTACHARIJEE S, LU W Y, et al. Hydrogenation
of dioctyl phthalate over a Rh-supported Al modified mesocellular
foam catalyst[J]. New Journal 2019, 43(14):
5623-5631.

XU Y, WANG Y, WU C G, et al. Structure effect of activated carbon
in Ru/AC catalysts for hydrogenation of phthalates[J]. Catalysis
Communications, 2019, 132: 105825.

WU C G (5%/=t). Preparation and regulation of Ru Pt bimetallic
catalysts for phthalates hydrogenation[D]. Tianjin: Tianjin University
(RHER2), 2020.

WANG Y (E). Preparation and regulation of Ru-based catalysts
for phthalates hydrogenation[D]. Tianjin: Tianjin University (FHA
2£),2019.

GU J F (##21%), CUL H Y (1K), QIAN S S (RZ8H1), et al.
Study on liquid hydrogenation and kinetics of DOP to DEHCH[J].
China Plastics Industry (¥} Tll), 2012, (2): 87-91.

of Chemistry,



* 2110 -

A% 4m 4 T FINE CHEMICALS

540 &

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

ZHAO H H, SONG H L, ZHAO J, et al. The reactivity and
deactivation mechanism of Ru@C catalyst over hydrogenation of
aromatics to cyclohexane derivatives[J]. ChemistrySelect, 2020,
5(14): 4316-4327.

XUY, WU C G, WANG Y, et al. Cooperation between Pt and Ru on
RuPt/AC bimetallic catalyst in the hydrogenation of phthalates[J].
Chinese Chemical Letters, 2021, 32(1): 516-520.

ZHAO Y FE, LI W S, REHMAN M U, et al. Roles of N on the
N-doped Ru/AC catalyst in the hydrogenation of phthalate esters[J].
Research on Chemical Intermediates, 2022, 48(7): 2987-3006.

LI W S (FCE), WANG Y (E5), XU Y (#5#0), et al. Study on
Ru-Ni  bimetallic catalyst for phthalate hydrogenation[J].
Chemical Industry and Engineering (fb2% Toll5 T /), 2021, 38(5):
27-34.

TADA S, KIKUCHI R, TAKAGAKI A, et al. Study of RuNi/TiO,
catalysts for selective CO methanation[J]. Applied Catalysis B
Environmental, 2013, 140: 258-264.

JIA HM, YANG Z X, YUN X H, et al. Confined NiRu bimetallic
catalysts for the hydrogenation of dimethyl terephthalate to dimethyl
cyclohexane-1,4-dicarboxylate[J].  Industrial &
Chemistry Research, 2019, 58(51): 22702-22708.
MALZ R E, GREENFIELD H. Hydrogenation of N-aryl carbamates
to N-alicyclic carbamates[J]. Industrial & Engineering Chemistry
Product Research and Development, 1978, 17(4): 358-362.

MALZ R E, GREENFIELD H. Nuclear hydrogenation of N-aryl
carbamates: US4069240[P]. 1978-01-17.

SONG Y C, DING X S, LI F, et al. A novel and green synthesis of

methylcyclohexane diisocyanate: Reaction properties, deactivation

Engineering

and regeneration of Rh/p-ALO; catalyst in benzene ring selective
hydrogenation[J]. Applied Catalysis A: General, 2023, 651: 119017.
NAKATANI H, NITTA K, UOZUMI T, et al. Preparation and
characterization of hydrogenated
Polymer, 1999, 40(6): 1623-1626.
GEHLSEN M D, BATES F S. Heterogeneous catalytic hydrogenation of
polystyrene: Thermodynamics of poly(vinylcyclohexane)-containing
diblock copolymers[J]. Macromolecules, 1993, 26(16): 4122-4127.
ALMUSAITEER K A. Effect of supports on the catalytic
hydrogenation of polystyrene[J]. Topics in Catalysis, 2012, 55(7):
498-504.

HAN K Y, MENG C, ZHU Z W, et al. Hydrogenation of commercial
polystyrene over Pd/BaSOy catalysts: Effect of carrier structure[J].
Transactions of Tianjin University, 2014, 20(4): 282-291.

HAN K Y, ZUO H R, ZHU Z W, et al. High performance of
palladium nanoparticles supported on carbon nanotubes for the
hydrogenation of commercial polystyrene[J]. Industrial &
Engineering Chemistry Research, 2013, 52(50): 17750-17759.

QIAN J F (8f21%), GUO X R (F¥fikz%), LIU P GKIF), et al
Hydrogenation of polystyrene to polycyclohexyl ethylene over
Pd/C[J]. Modern Chemical Industry (BEACAL T), 2022, 42(8):
179-184.

NESS J S, BRODIL J C, BATES F S, et al. Molecular weight effects
in the hydrogenation of model polystyrenes using platinum supported
on wide-pore silica[J]. Macromolecules, 2002, 35(3): 602-609.

PAN D, SHI G, ZHANG T, et al. New understanding and controllable
synthesis of silica hollow microspheres with size-tunable penetrating

syndiotactic  polystyrene[J].

macroporous shells as a superior support for polystyrene
hydrogenation catalysts[J]. Journal of Materials Chemistry A, 2013,
1(34): 9597-9602.

HAN K Y, CAO G P, ZUO H R, et al. Hydrogenation of commercial
polystyrene on Pd/TiO, monolithic ceramic foam catalysts: Catalytic
performance and enhanced internal mass transfer[J]. Reaction
Kinetics, Mechanisms and Catalysis, 2015, 114(2): 501-517.

FENG M, LUO Z H, CAO G P, et al. Tunable growth of carbon

nanotubes forests on nickel foam as structured support for palladium

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

catalyst toward polystyrene hydrogenation[J]. Journal of the Taiwan
Institute of Chemical Engineers, 2019, 97: 119-127.

FENG M, LU H, LI C Y, et al. Carbon nanotube modified ceramic
foams as structured palladium supports for polystyrene hydrogenation[J].
Industrial & Engineering Chemistry Research, 2019, 58(25):
10793-10803.

CHEN J, HU Y D, CAI A F, et al. The mesopore-elimination
treatment and silanol-groups recovery for macroporous silica
microspheres and its application as an efficient support for
polystyrene hydrogenation[J]. Catalysis Communications, 2018, 111:
75-79.

CUI C S (#F4L), JING W (G X), XIAO B (¥ 1#), et al.
Preparation of a saturated hydrogenation Pd catalyst and method for
catalyzing the hydrogenation of polystyrene: CN107213895A[P].
2017-09-29.

LIUY (XI5), CUI C S (#F4), JING W (5 30), et al. A kind of
preparation of bimetallic catalyst and method for catalyzing
polystyrene hydrogenation: CN109482180A[P]. 2019-03-19.

LI C Y (Z/ZM), FENG M (G#), CUl H F (#1ff1&), et al.
Preparation of carbon nanotube catalyst on structure-modified
cordierite monolith for polystyrene hydrogenation[J]. CIESC Journal
(LT 2£4R), 2017, 68(7): 2746-2755.

FENG M, LUO Z H, YI S, et al. Palladium supported on carbon
nanotubes decorated nickel foam as the catalytic stirrer in
heterogeneous hydrogenation of polystyrene[J]. Industrial &
Engineering Chemistry Research, 2018, 57(48): 16227-16238.
ZHOU H Y (JA%5), QIANG M H GRIANE), L1 J Z (%), et al.
Preparation of magnetic nano-ruthenium catalyst and its catalytic
performance for catalytic hydrogenation of polystyrene[J]. Polymer
Materials Science and Engineering (#15- F A1 EEL= 5 TF2), 2011,
27(11): 73-76,80.

ZHANG H W (3k%:H), GOU L (#j7), LIANG M X (3HiK),
et al. Optimization of heterogeneous catalytic hydrogenation process
of polystyrene and catalyst regeneration performance[J]. Chemical
Reaction Engineering and Technology (fb2¢J i T.#85 T.2),
2021, 37(5): 385-394.

HUCUL D A, HAHN S F. Catalytic hydrogenation of polystyrene[J].
Advanced Materials, 2000, 12(23): 1855-1858.

GOU L (#j75), WANG Y X (L&), XIONG S H (RERBHE), et al.
Research progress in heterogeneous catalytic hydrogenation of
polystyrene[J]. Polymer Materials Science and Engineering (/54>
PHERNE 5 T, 2021, 37(8): 174-181.

DEVLIN J J, KIRCHER S, KOZEN B G, et al. Comparison of
ChitoFlex®, CELOX™, and QuikClot"™ in control of hemorrhage[J].
Journal of Emergency Medicine, 2011, 41(3): 237-245.

ARNAUD F, TERANISHI K, OKADA T, et al. Comparison of
combat Gauze and TraumaStat in two severe groin injury models[J].
Journal of Surgical Research, 2011, 169(1): 92-98.

YIN C L (B&KJE), CHENG S Y (F£/\FN), LIU C G (XIf2J6), et al.
A kind of method for preparing cyclohexylbenzene by selective
hydrogenation of biphenyl: CN107185548A[P]. 2017-09-22.
GELMAN F, AVNIR D, SCHUMANN H, et al. Sol-gel entrapped
RhyCoy(CO)ja: A catalyst precursor for efficient arene hydrogenation[J].
Molecular Catalysis, 2001, 171(1): 191-194.

ZHEN Y, WAN S R, SHI R F, et al. Atom transfer radical
polymerization of solketal acrylate using cyclohexanone as the
solvent[J]. Macromolecular Chemistry & Physics, 2005, 206(5):
607-612.

TSUKINOKI T, KANDA T, LIU G B, et al. Organic reaction in
water. Part 3: A facile method for reduction of aromatic rings using a
Raney Ni-Al alloy in dilute aqueous alkaline solution under mild
conditions[J]. Tetrahedron Letters, 2000, 41(31): 5865-5868.

SUN L (#h4%). Study for selective hydrogenation of hydroquinone
and biphenyl[D]. Dalian: Dalian University of Technology (JCiE#{



5510 R, A5 O IR T A R B e 28 B 07 AR T 5 e

* 2111

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

TR?#),2013.

GELALA G, HAIDELIXI G. Method for preparing phenylcyclohexane:
CN103228601A[P]. 2013-07-31.

CHENG S Y (2B /). Study on the preparation of unsupported
catalyst for cyclohexylbenzene via selective hydrogenation of
biphenyl[D]. Qingdao: China University of Petroleum (East China)
(PR ()], 2018.

OLIVAS A, GAXIOLA E, CRUZ-REYES I, et al. Transition-metal
influence (Fe, Co, Ni, Cu) on the MoWS catalyst for biphenyl
hydrogenation[J]. Fuel Processing Technology, 2020, 204: 106410.
LIU R Q (X A5#), SHAN Y H (] E4), FENG D T (HZR1E), et al.
Preparation of copper modified nickel-based catalysts and their
catalytic hydrogenation performance of biphenyl[J]. Fine Chemicals
CKsg1b 1), 2018, 35(8): 1320-1324, 1375.

ZHOU G (JHHI). The preparation method of phenylcyclohexane:
CN101209949[P]. 2008-07-02.

LI W, ZHAO Z P, L1 J P, et al. Effects of Ni-loading on the
performance of Ni/SiO, catalysts for the highly selective hydrogenation of
biphenyl to cyclohexylbenzene[J]. ChemistrySelect, 2021, 6(16):
3897-3902.

WANG J (£4). Synthesis of bisphenol A polycarbonate by solid
state polymerization[J]. New Chemical Materials (b T B #I#4%L),
2016, 44(12): 204-206.

FENG Z C (BJE5), YANG G C (#kE), RONG M Z (FHE),
et al. Synthesis and characterization of solid bisphenol A epoxy
resin[J]. Thermosetting Resin (A& PEAE), 2010, 25(6): 33-36.
CHEN L X (MR37#1), ZHAO Q H (B PE%Y), WANG R M (T Hcfi),
et al. Synthesis of novolak bisphenol A phenolic resin[J]. Adhesion
(Ki$%), 2006, (4): 14-16.

MAEGAWA T, AKASHI A, YAGUCHI K, et al. Efficient and
practical arene hydrogenation by heterogeneous catalysts under mild
conditions[J]. 2009, 15(28):
6953-6963.

WANG K L (£IF#K), ZHANG Y T (5K347K), ZHANG L (3K#), et al.
Preparation of hydrogenated bisphenol A by catalytic hydrogenation
of bisphenol A[J]. Fine Petrochemicals (4§41 3l4k 1), 2007, (5):
39-44.

YEN C H, LIN H W, TAN C S. Hydrogenation of bisphenol A-Using
a mesoporous silica based nano ruthenium catalyst Ru/MCM-41 and
water as the solvent[J]. Catalysis Today, 2011, 174(1): 121-126.
WANG I P (T3:M8), YAO J L (Whfife), SHI T W (HiFKAF), et al.
Preparation of Ru/C catalyst and its catalytic hydrogenation of
bisphenol A[J]. Modern Chemical Industry (F1A4k T), 2016, 36(5):
61-64.

LIANG S B (#:%), WU Z (&), XIE J Y (H51HE), e al.
Catalytic hydrogenation of supported Ru/ALO; catalyst to prepare
hydrogenated bisphenol A[J]. Energy Chemical Industry (L T.),
2020, 41(3): 9-14.

KAPLAN R, ERJAVEC B, SENILA M, et al. Catalytic wet air
oxidation of bisphenol A solution in a batch-recycle trickle-bed

Chemistry-A  European Journal,

reactor over titanate nanotube-based catalysts[J]. Environmental
Science and Pollution Research, 2014, 21(19): 11313-11319.

SU Y C, WANG C C, CHEN C Y. Preparing high ratio of trans/trans
2,2-bis(4-hydroxycyclohexyl)propane isomer by one-dimensional
nickel-palladium catalyst[J]. Journal of the Taiwan Institute of
Chemical Engineers, 2021, 129: 15-25.

SAWAMA Y, MORI M, YAMADA T, et al. Hydrogen self-sufficient
arene reduction to cyclohexane derivatives using a combination of
platinum on carbon and 2-propanol[J]. Advanced Synthesis &
Catalysis, 2015, 357(16/17): 3667-3670.

SHIRAI M, HIYOSHI N, RODE C V. Stereoselective aromatic ring

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

hydrogenation over supported rhodium catalysts in supercritical carbon
dioxide solvent[J]. The Chemical Record, 2019, 19(9): 1926-1934.
FISCHER A, MALLAT T, BAIKER A. Synthesis of 1,
4-diaminocyclohexane in supercritical ammonia[J]. Journal of
Catalysis, 1999, 182(2): 289-291.

CAO JY, HAN F G, WANG L G, et al. Ru/g-C5Ny as an efficient
catalyst for selective hydrogenation of aromatic diamines to alicyclic
diamines[J]. RSC Advances, 2020, 10(28): 16515-16525.

KIM H S, SEO S H, LEE H, et al. Ru-catalyzed hydrogenation of
aromatic diamines: The effect of alkali metal salts[J]. Journal of
Molecular Catalysis A: Chemical, 1998, 132(2/3): 267-276.

ZENG Y K (¥ 7kHE), ZHANG Z X (3ZH), LI X H (Z/M),
et al. Catalytic synthesis of 1,4-diaminocyclohexane over Ru/CNTs
catalyst and study of reaction mechanism[J]. Industrial Catalysis (T
A A#EAk), 2017, 25(7): 77-82.

LIU C Y, ZHANG Y, CAI J G. Synthesis of Ru-silica aerogel as
efficient catalyst for hydrogenation of p-phenylenediamine to 1,
4-cyclohexanediamine[J]. The Canadian Journal of Chemical
Engineering, 2019, 97(4): 917-923.

WANG T (£%), DING Y J (T =), CHEN W M (W41, et al.
Hydrogenation of o-phenylenediamine to 1,2-diaminocyclohexane
over Ru/AC catalyst[J]. Petrochemical Technology (f1iHifkT),
2015, 44(2): 192-197.

ZHAO H H, SONG H L, ZHAO J, et al. The reactivity and
deactivation mechanism of Ru@C catalyst over hydrogenation of
aromatics to cyclohexane derivatives[J]. Chemistry Select, 2020, 5:
4316-4327.

MA H X, CAIJ G. Catalytic hydrogenation of 1,4-phenylenediamine
to 1,4-cyclohexanediamine[J]. Russian Journal of Applied Chemistry,
2014, 87: 397-403.

YUE L (f#K), WANG M (E#), HUANG S B (E#%), e al.
Catalyst for synthesizing 1,3-cyclohexanedimethylamine by hydrogenation
of m-xylylenediamine and preparation method thereof: CN112169832B[P].
2021-03-09.

YANG Y M (#%%EXK). Study on ruthenium-based catalytic system
for selective hydrogenation of phenyldimethylamine to
1,3-cyclohexamethyl amine[D]. Beijing: Beijing University of
Chemical Technology (L L T K2%), 2019.

KIM Y J, LEE J H, WIDYAYA V T, et al. Effect of alkali metal
nitrates on the Ru/C-catalyzed ring hydrogenation of m-xylylenediamine
to 1,3-cyclohexanebis(methylamine)[J]. Bulletin of the Korean
Chemical Society, 2014, 35(4): 1117-1120.

JIN S S (£:#A7F). Organic catalysis[M]. Shanghai: Shanghai Science
and Technology Press (VRN FA4H A H tt), 1986.

WANG J W (T&HE), MI Z T CK#%), ZHANG X W (KF30).
Noble metal aromatic saturation catalysts[J]. Progress in Chemistry
(fb2EiE ), 2006, 18(8): 854-860.

STANISLAUS J, COOPER B H. Aromatic hydrogenation catalysis:
A review[J]. Catalysis Reviews, 1994, 36(1): 75-123.

COOPER B H, DONNIS B. Aromatic saturation of distillates: An
overview[J]. Applied Catalysis A: General, 1996, 137(2): 203-223.
ANDERSON J R. Structure of metallic catalystsfM]. London:
Academic Press, 1975.

SOMORIJAI G A. Chemistry in two dimensional surfaces[J]. Journal
of Catalysis, 1982, 77(2): 567-568.

QI S C (JT-L:##). The preparation of highly dispersive supported
nickel catalyst for arene hydrogenation[D]. Xuzhou: China
University of Mining and Technology (H[E#" )\l k), 2014.

DU X (F:#%). The study on hydrogenation of hifferent arene in liquid
phase over Ru/AC, Ru-Pd/AC, Ru-Co/AC[D]. Chengdu: Sichuan
University (P4)117K2%), 2004.



