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Scheme 1  Synthetic route of CL-20
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Table 1 Preparation conditions of the carbon supports
conditions
samples temperature heating rate )
C J%C omin”! assistant
GNa-400 400 10 /
GNa-500 500 10 /
GNa-600 600 10 /
GNa-700 700 10 /
GNa-800 800 10 /
GNa-700" 700 3 /
GNa-700" 700 5 /
GNa-SBC-700 700 10 GNa/SBC=1:1

e -BA B HL o 40 KV, 45 HL i 40 mA, 45 8 3 B2 R
0.02 °-S7"; XPS: DL AIFE K, X-SF 2 Wil Ot . AR
I 75 YL B 1Y C 1s 45 4 i (284.6 eV) K A% X i AL 577 &
PR & T R A 8 TPD ¥ 29 50~100 mg #
A U % A He (40 mL-min™)I4 1 h,
P 5 T+ > 30~800 °C, FHE#E F R 10 °C-min”'.
A H 1 CO, M COMEH HIDEN QGA iU EZ K
DS TEM : SRR e B |, 20 BICPE STy, P00 0 22 B8 A i
FEE 0 1), AR BT S DU . T/ L Sl 200 KV
SEM: TAEHLE A 20 KV, B B A% SRl 78 5 e I, %
4 5 #EAT I

(4) AL IS PEPEA - LA HBIW F1 TADB B & i it
R ES RV AR T A . BRSSP R
HBIW 10 g.f# 4k 0.188 g.DMF 20 mL.Ac,O 10 mL
FIPhBr 0.2 mL 585 A B A, il B0 28, AR
e 3 BB PRI AR, B T R 10 he A5
T 2 40 °C, R 10 he & U8R 153 205 AL 5 Y
TADB ™).

TADB & fif it N R I : BRI 10 g TADB,0.263 g
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V5 DR VR R 2 R R T, B B R B A A g
33N TAIW .
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Fig.1 TG curves of sodium gluconate at different heating rates
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Fig. 2  Nitrogen adsorption/desorption isotherms and pore
size distributions of the three carbon samples prepared at dif-

ferent heating rates
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Table 2 Textural and structural properties of the carbon sup-

ports
Sger Suiic pore volume  pore

samples /m?g" /m*g” Jem’-g”! diameter/nm
GNa-700’ 323 253 0.29 3.60
GNa-700" 351 281 0.35 4.02
GNa-700 402 289 0.58 5.79
GNa-400 18 2 0.05 11.07
GNa-500 340 215 0.46 5.46
GNa-600 341 241 0.49 5.73
GNa-800 530 376 0.70 5.29
GNa-SBC-700 442 300 0.51 4.59

fhRE & (& 3g, 1 3h) . GNa-SBC-700 fiy £L B 5 fin =
BRI R ALTE 2R (B 31) . X & i F NaHCO,
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AR S AR 25 4, 20=22° (% T A7 5T 06 1 44° 11 55 417 S
VA7 AR, A AR S 38 2 LGB TE Ak R 3, A1 B Ab e I
B, A 88 ) RO 80N o Horb 440 b 1 55 41T 55 0
A PR N A VR NITTE: Nl R & Y RV
% o GNa-400. GNa-500, GNa-600, GNa-700 Al
GNa-800 1 N, &5 i W /i ih 42 n Bl 4 fr s o Hop
GNa-400 *%f N, W [ AR /Iy, b R AN 18 m*-g7',
AL L BIAR /N (H AL AR K (3R 2) , 3% 5 SEM &1 iR

A~
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d) GNa-700; (f) GNa-800; (g) GNa-700"; (h) GNa-700"; (i)

Fig.3 SEM images of the samples of GNa-400(a), GNa-500(b), GNa-600(c), GNa-700(d), GNa-800(f), GNa-700'(g),
GNa-700"(h) and GNa-SBC-700(i), and the TEM images of GNa-700(e) and GNa-SBC-700(j)
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Fig.4 Nitrogen sorption isotherms at 77 K for the carbon sup-

ports prepared at different temperatures
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A1 AR A AT e R AR TP IOR ORALI A G

K5 e BE AN TR] T A5 i 20 1) Ak 27 4 R A AR
25 (R3). MERRIREAE ST HITR S &
TR, 2 B ok fb B B N T 2 5 o RS R UL AE 500~
700 CZ I, MM CIUR i ESF AR, kLD
BSR4 o T4 P o U] Bt R e U T v 3 W T e K
R 58 A e Ak B4 T SR AR RETE VLT 5 2 W R A ) i
7R A B AN A AR A EAE L S Sok SR 3R S AU R
M BB 45 R . GNa-800 1y ik & & [ =
78.81% , 1M & & 5 155 35 20.07% , & WA I6 T+, 4l 41
19 55 e b k18] AH ELAVE R 3 — 25l . 3 5 R C
TG £k (1) b o i B o 80 2 2 — 300

R3 R ITR A

Table 3 Elementary composition of the carbon supports %

samples N C H O

GNa-400 0.17 84.17 4.47 11.19
GNa-500 0.41 87.94 2.63 9.02
GNa-600 0.47 85.20 1.47 12.86
GNa-700 0.35 84.72 1.08 13.85
GNa-800 0.58 78.81 0.54 20.07

BT RS TR S5 AT BT A5 e 48 AR 1) 3 T 2 v
MRk T EH AR TR (TPD) 2k (F 5), o] WA A
B ) 22T AUE RE R SR o A 25 AR L R
GNa-400 1 300~600 °C 2 [A] 47 — A~ 4R 58 () CO, Jid B
U, E L JE TR AR E— 2B ik . 200 CCLATF AN
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Fig.5 CO,-TPD and CO-TPD profiles of different carbon supports
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A — 5, HL5H B AR, 10 P 3R 1A R % TR T 5 A X A
/b, {H GNa-800 1 500~800 °C 22 ] 4 — A4 54 114 it
B U, U0 T Sy o TR 5 A 43 A e TR T S 1Y) 4 Y o
GNa-700 7 fi% i X 1 i 35 X CO, it B 5 #5 mg & T
GNa-600 Fll GNa-SBC-700, 45 7 H: 55 i A1 W & U E fig
A3 A 22 5 . GNa-400 (1) CO Lt ih 2k 5 3 CO, /1)
Jisd B oy £ AR AL, v ] 3R BE X TR] CO e B 06 4 5, 3
CO 1 J& GNa-400 #F — B i fb i 2 i =P 2 —
i 600~700 °C 2 [B] JIi i (19 CO IH & Sy iy 25 & LA
ikt 11 43 f# , T 800~900 °C = [a] Jii B 5 CO 1A J& Ay 3¢ 3
FIR 0943 %2 . GNa-500 76 5 15 X 19 CO i bff i £k 5
GNa-600,GNa-700 fl GNa-SBC-700 s £ 2= &, H. it
[ N NI D A == e A DRl o 50 S ]
GNa-800 7E & ik XA AL 1 CO i e, 4575 HE R 17 75
A AT Z Bk AU R IE RN , 0 S5 PR
22 SEETENE
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Fig.6 Hydrogen consumptions as functions of time during
the hydrogenolytic debenzylation of HBIW and TADB over

different catalysts
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Table 4 Activities of the catalysts in the hydrogenolytic debenzylation reactions of HBIW and TADB

e catalysts Pd/substrate( %o ) results

Pd/HBIW Pd/TADB TADB yields/% TADB conversion/%
1 Pd/GNa-400 1.5 2.1 87.7 60.3
2 Pd/GNa-500 1.5 2.1 91.0 72.0
3 Pd/GNa-600 1.5 2.1 91.0 87.3
4 Pd/GNa-700 1.5 2.1/3.0 90.5 88.1/100
5 Pd/GNa-800 1.5 2.1 90.2 82.6
6 Pd/GNa-700’ 1.5 2.1 /2% 88.8 62.3/74.7"
7 Pd/GNa-700" 1.5 2.1 89.1 68.1
8 Pd/GNa-SBC-700 1.5 2.1/25 88.7 94.0 / 100
9 Pd/AC-A" 2.0/3.0 2.1/4.0 63 /92 73 /100

Note: * Pd/AC-A was prepared using ACROS Organics commercial activated carbon as the carrier with a Pd load of 9.0%.# The stirring speed was increased from

550 r-min~' to 700 r-min”', and other conditions remained unchanged.
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Fig.7 TEM images and the corresponding histograms of particle size distribution of the catalysts:Pd/GNa-400(a,b), Pd/GNa-500
(c,d), Pd/GNa-600(e,f), Pd/GNa-700(g,h), Pd/GNa-800(i,j) and Pd/GNa-SBC-700(k, 1)
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Effects of Preparation Conditions of Carbon Support on the Hydrogenolytic Debenzylation Performance of
Pd(OH),/C Catalysts

NAN Jun-ping', WANG Yu-ling', SONG Jian-wei*, WEI Gai-xia*, CHEN Yun’, DING Xin-lei', DAl Heng-wei',

BAI Guang-mei', QlIU Wen-ge'

(1. Faculty of Environmental and Life, Beijing University of Technology, Beijing 100124, China; 2. Qing Yang Chemical Industry Corporation, Liaoyang
111001, China; 3. College of Chemistry and Chemical Engineering , Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to improve the activity of hydrogenolytic debenzylation catalyst and reduce the dosage of noble metal palladi-
um during the synthesis of hexanitrohexaazaisowurtzitane (CL-20), carbon supports were prepared by ball-milling/carbonization
method using sodium gluconate as a raw material. The effects of carbonization temperature, heating rate and additive addition of
sodium gluconate on the support structure and the catalytic activity of the corresponding Pd(OH),/C catalysts in the hydrogenolyt-
ic debenzylation of hexabenzylhexaazaisowurtzitane(HBIW) and tetraacetyldibenzylhexaazaisowutzitane(TADB) were explored.
The pore structure, particle morphology, crystal phase structure, chemical composition and surface chemical properties of car-
bon supports were characterized by nitrogen sorption isotherm measurement(BET), scanning electron microscope(SEM), trans-
mission electron microscopy(TEM), powder X-ray diffraction(XRD) , element analysis and temperature programmed desorption
(TPD). The results show that the optimized carbonization condition of sodium gluconate was calcination at 700 °C with a heating
rate of 10 °C+-min™" in the presence of additive, NaHCO,, which could adjust the puffing carbonization of sodium gluconate. The
received carbon supports have rich hierarchical pore structure and appropriate amount of surface oxygen containing groups, and
the corresponding Pd(OH),/C catalysts exhibit high activities in the hydrogenolytic debenzylation reaction of HBIW and TADB.
Key words: CL-20;hydrogenolytic debenzylation;Pd(OH),/C catalyst;structure of carbon support;carbonization condition
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