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Abstract
In the utilization of hydrogen energy, efficient ammonia borane hydrolysis hydrogen production
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catalysts are of vital importance. In this study, Co(NOs)2:6Hz0 and NaBH41 were selected as raw ma-
terials, and PEG-modified CoB catalysts were prepared by the chemical reduction method. The ef-
fects of CoB catalysts modified with PEG of different molecular weights and different PEG dosages
on the hydrogen production performance of ammonia borane hydrolysis were systematically inves-
tigated. Meanwhile, the effects of stirring rate, catalyst dosage and reaction temperature on the hy-
drogen production performance of ammonia borane hydrolysis were also investigated. The phase
structure of the PEG-modified CoB catalyst was determined by X-ray diffractometer. The experimental
results show that the hydrogen production rate of ammonia borane hydrolysis is directly propor-
tional to the dosage of PEG-modified CoB catalyst, indicating that the reaction is in the Kkinetic con-
trol stage, and the internal and external diffusion effects have been eliminated. When the stirring
rate reaches 750 r-min-1. The PEG-modified CoB catalyst has the fastest hydrogen production rate for
the hydrolysis of ammonia borane, but further increasing the rotational speed will lead to particle
agglomeration. The PEG6000-modified CoB with a mass fraction of 2% exhibited the best activity and
had the best catalytic effect on the hydrolysis of ammonia borane to produce hydrogen. The activa-
tion energy of the ammonia borane hydrolysis reaction was measured to be 44.04 kJ-mol-1, and the
TOF value was 761.22 mol Hz-:min-! CoB-min-1,
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giit, 2024 FaEk A AIRHBCRIA R 416 140, Forb 85%K B AL AIREHRGE . 1% S A AR KRR
A T Bl = RSB, B 51K T — RV R EPAGT I, il R AR R BRI
FE AN KRN 55 3 R I 22 S5 1] o IX SIS ) AU OB BRI i RRAN AR IS B i, A R ERAE S RS
(ISP ANRSE R 1 IR Bk . R — TSR, SRR B G Sy KT U fU R T AT R RIS i RE YA
i E LIRS I AT, DR A SR O, BRARIHE, RIS U —Fb
BARRSE W REN, RHLRER T R 2] MBI K. Tois (3], RIE 25 REMY, Bl ovRAR
RAEVAE RN B B AT 12— R0, A7 A IE i — R ) 20 FL O P AR i)t [4] - %
gt N IR SRR, BIORE—E R L REV I S A REEOR, (HAREA% A7
FEMR B8R IR A S T B I 77, IO N 1 B & R R AT A, Jba T e e g
WA A T 2R SR A BERCARE, X REREE R, HES SRS o5 2],
PR LR R o TR ™ HL R 1A SE PRSP R T A A

P2 Al ST R v 2 VRN AT R SR PR O B T R e e, &l be(NH3BHa, fiIFK AB)fE N —
B EARHS], BRI EE 19.6% IS A . RIUFHIL AR E ML LR AR IR AN SR T i = RUK Al
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AR, B S EMAT, FrH2E(Co). BR(NI)FIAR(Cu) LA, [RIHAE 0 b K =07 T H
BB ENAMENZ 2] 2 RE7]. SaEmasitat, EReEmeFEamANGE . mRF
B, NRMBEK R AR T — R R AT BR8] B FEAE AL i T A B 1 A0 i R R 4T
M YERE, N GEK R S SUZ B T T2 B FE[9]. Co-B {467 Ak e BN il ek i = A B A
AT, AT 5t m Co-B LIRS, TR RIFR T 2Rkt 5ems, #lin Chen [10]
S5 NFIH CuNWs 1 CTAB X} CoB ATt . Frifil|#51) Co-B/CUNWS/CTAB & & RHE 2 IR T R It i
R e PR AV 1 o R BE A A TR R DR R 7 R (A T P R O B AR B AR 48 52 %3 . Yang [11]5%
NI FER B, SRR AR b PR RA = Jo 8 - Bk - B (AL (Ni-Fe-P/Ni foam) B A 1t 55 1 20 bt
KRR RE . B B A T Ni-Fe-P/Ni foam #4671, Bl 45 19 Ni-Fe-P HE4L 75415 143 A
FERRIELUR bo JEDT 4 A0 TR B AR AE S e K A = S0 Th BUAS 35 e, RS TG — 2S8R, 40 CoB fi
A3 R v R T RE A1 [10], ki 5 415 . PEG BB w20 SO R v i £ M [ 12] [13] 7] LAAS 253 il Jouer
H5. B, S5EF R R AE St & BRI AR 2 AT e PR TR AN S RL A 4%, DA
HE— PR AR T R A RUE S e KA e S R R T T

1.3. IRAR
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My CoB AL AN [F PEG FIEEMifY) CoB AL, fitHid A, PEG 121Hiff) CoB HEALFIIHI & . [N
JESEAEXT CoB fEALTIMEAL BN bE K i = S ML REATRZ M, AL EALFIVERE . I FHRTAE JE & i A it 55
PEG 121fiff] CoB AL FIMEAL A MIbE /KAl S B VS BE . T IR 3 K T AH] CoB HEAL AL Z Bl ke /K
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Table 1. Main reagents
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Table 2. Main equipment

2 EERE
LUR & Bites) HEPETK
R AR SR ZNCL-GS130 * 70 M THA 25 e 2 A PR ]
P AL T 25 X TR A DHG-9070A R R S B A IR ]
HLF- 43 B KT AF224 Mg ET RSP RS R A
TR SE3001F B (B AR A
X S EATIHAX Ultima IV A 2GR AR

2.2. fEULFIRHIZE

A I I IS A R S % PEG B CoB AL, BACPIRWT: KSR 2 g Co(NOs)2-6H-0
50.04 g PEG6000, & T 250 mL B#rrr, M 50 mL 277K, LL 600 rmint4ii#E 20 min 184, 15 A
i SIFREL 0.27 g NaOH 5 1.3 g NaBH4, AT 20 mL 255 /K #1453 B k. =iR. 600 r-min~ fif ¢
T, ¥ B ISR A, WINSEEe S ARSI EE 1 h (R R BIFE Sy, HhUEUSCEE A, 60°CHLAE TR 2
h JEHIFE ok, RITS PEG 2111 CoB {4k, JHRIT PEG &M XT fEE Ak 71 =W be K e = S M RE (R 52,
AW EHAAE: —R£IEHARRF S T& PEG (J¢ PEG. PEG200. PEG1000. PEG2000. PEG6000-.
PEG8000), il CoB. PEG200-CoB %5 6 Fiffi{L7); — &% PEG HI & (J PEG. 1%. 2%. 4%), #l#%
0%PEG-CoB Z 4% PEG-CoB 4 FfE{L7, @it bbbk GE, 4T 4T PEG BIH 2.,

2.3. fEALFISRAE

FIH X SHERATHACE PEG 1211i1f) CoB fEALFIEE M AT 25 M RAE . S256 A R N 0.15418 nm 1)
CuKo STEEHHTHHE, % X ST FHEEBEE N 40KV, EFRIAN 40 mA, HFH A 6 E R 20=10°~90°,
1 IR A R RIRE S AT HHERE, HET 6T PEG 1&4H 1) CoB Ak 77 I 45 R AEE 4T 437

2.4, EAFIERETMN

AW R HEK S SIER AN E PEG &1 CoB 8 Ak 7 7E S bt /K = SR S P (1 1 e HEA T VR4
Szitdr, 4% 50 mL 0.1 mol- Lt MBI i N = =23, INE i 705, KPR 0.1 g PEG
&M CoB AT ABA W, SERVE S =HUR I B3N, Rl — kK E . SERER 7T
THFEEZE . PEG B CoB M4k & LA R RS BN A VERE I s o[RBT, 75 AN )i 5 T %)
PEG &1 [#) CoB HEAL AL VEREHEAT I, FFARFERTAE JE BT A X Ink = InA — Ea/RT, @ id £: 4] Ink
5 UT Mk &RE, 1HEHAE PEG 21 CoB fiALFIVEH T ZMGe K M S RLFE e . it TOF
THE AT EHE I K T PEG 121 (1) CoB 4k FAE FH UM b K fif i ZU . 1) TOF {. TOF iH5
ARWF:

ToF = () &

b TOF—— 2R F A
n(Hz) —— A A I &
n(CoB)——PEG f21fif¥] CoB fH 1t 771 14 i F) &5
t—— R ML A] o

S
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3.1. F’E4%FE PEG HIFNT

1 N T& PEG 1&1fiff) CoB #EALFI XRD K. XRD KR, 7E 20 = 40°~50°4b¥ A H I
CoB [RIRFAEAT S, 26 W I 4k 2438 JE A 45 1) CoB AL TR N AR A S5 MIAEAE, 5 SCRIRAE 11— 2 [14]
M7E 20=19.3", 32.6°. 38.2°. 51.9°. 58.2°Hi¥ | Co(OH), FIFFAEAT ST [15], FHJRK AT RESE /S /K A hS R
B ) Cor* R e iR R, # 5 E AL T ) OH-2: /% T Co(OH).. R4 Scherrer A2 [16]7] A#S41,
TEAGTRRE St AT AR B, AR () RSBk e For, R PEG 2171 CoB AL 5FI 1 1) Co(OH)2 HIRFIE
AT TR, AT LA RIARZ PEG 121 (1) CoB 1L AIH 1) Co(OH). KiftHL K, #HIRE PEG f21MiH)
Co(OH), & 1% . M{EAF 7= PEG 1&1fif) CoB {1k 7+, PEG6000 1£1fiff] CoB f# 4k = ] Co(OH),
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Figure 1. XRD patterns of CoB catalysts with PEG modifications of varying molecular weights
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Figure 2. Catalytic performance of CoB modified with PEG of different molecular weights
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2 NARTE 5 PEG &1 () CoB AL AL I ek r= S e B, nTLAE H, ML T R4 PEG
&1 CoB, PEG f&1fiff] CoB &2 HifE T+ | CoB fifb A A e KM= A tERe . FH R Z PEG 2
—FiEaTFREY, Lo PR SERIERIGE, 2R E T LA Rt FE 1E CoB Btk 8] i 4]
%K. [FBTE CoB HIA USRS, PEG EA—FE M S, A% SR AT FE, IS 5 28 =4 1)
FESAAN 8 . EIX EEAN [ 41 & PEG 121fiff) CoB {4657+, PEG6000 121fift] CoB f# L5 7E & il kK
fil = SR N R B T R AL R RE . 4 SCHRHRIE[13], 24 PEG6000 1&1fi CoB i, PEG6000 2= 2484
KR kAR LR TAR, e 200 = CoB 4Kk, By1kHF1% . PEG6000 m] LL5| 5 CoB ¥4 pit%, 4
BRANRSE S B BRI N PEG &4 (1) CoB AL 7 A S e /K e P S R R

3.2. PEG6000 FAE /=0

Kl 3 AR F & PEG 127fiff) CoB f#4L 71 XRD K. 478 PEG &, AR HIL CoB MIFHIENT5
U, REUITEAF & PEG HIEM T, CoB i hIEMAS[14], MifE 20=19.3°, 32.6°, 38.2°, 51.9°. 58.2°kt
5L T Co(OH), FIHFERT S5 [15] . PEG )i & 73 FUN 0%31 2%, PEG 1&1fiff) CoB f#4k57 1 ] Co(OH),
FHIEATS I TR TE, ROAMEE PEG ININEMIIE 2, PEG XHEAL 1 7 BORE FE ok i, (46771 1)
R RN . 724 PEG )5 B0 $08 I %) 4%H , 4%PEG-CoB #4571 o (1) Co(OH), B AEAT S I i 2R
B, R PEG KR HIYINE] 4%, PEG RIRE/EIRTRH LA, ST 0 BORE AR 55, T
R R K o

4 SN/NIF] FH f: PEG6000 1&17if] CoB i fb M REIR . 7T LA Hi 24 PEG6000 i 2 34 0%~2% 3 ]
i, B PEG6000 Jii & 73 # MG K, CoB AL MM M Ge /K i = Sk e g m, 5 K n] Re R B &
PEG6000 £ ]35I, PEG6000 % CoB 44K Rk i) 73 HUER AR5, G0 1 (A0 i 67 A, AT 5 184 52
T ERE. 11T PEG6000 5 B/ B N4 4%0, PEG6000 it %2 & o, St REAL 7)) 2 iR i AR
55, MIT-F B AT LR
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Figure 3. XRD of CoB catalysts modified with different dosage of PEG6000
[# 3. AN[=] & PEG6000 &1k CoB # L3 XRD E

{5

DOI: 10.12677/ms.2026.162041 224 kLR

o


https://doi.org/10.12677/ms.2026.162041

=
e
$
&

400

350

300

100

60

t (min)

Figure 4. Catalytic performance of CoB modified with different PEG6000
dosages
4. IN[E] A& PEG6000 1&1HAY CoB L1 RE

3.3. HIRERIRM

HE 5 A FIBEHEE RN PEG 21l CoB MEALIERER]. MR LAE Y, i HEdE A1 450~750
r-min X [ 2 AN, PEG 21 1) CoB ALK AL Ph S B BT 1) 3 SR 5 . 249538 0y 750 rmin™
i, PEG 121fift) CoB HEALIMEALZ M LE KM SRR R IX—IREY], ££ 750 rmint [ HHE R
T HUBEE AT ROt B 12 e KT ORI A 77 T A A 0 2 ORT B 7 A D P 7 2 T e
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Figure 5. Catalytic performance of PEG-modified CoB at different stir-
ring rates
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3.4. EUFIRAERNIE

1151 6 VAN FHEALTT & T PEG f21if) CoB AL ML I Fe K it REIE . WTLAE Y, BEE PEG
EAif) CoB HEALTI R &N, PEG 121fif¥) CoB HEALFIMEAL M ke /K ™ A p g AR B . PRIk, +]
CLER A PEG 21y CoB ALK FH SR 4 U e /K gt Sid < o T DR ] Rt i A M A 771 FH
2L D) S SR At RTINS ) A A R A -V €2 /| P b S =R Pt ia QU LY N PN TR o5 A i o

7 NEIEAR S PEG 121Hi¥) CoB LTI E MK AR, TUE N, Kbk~ SER s
PEG 21fiff] CoB AL EREATLIELL S, BRI G ML R HLZ, HMRARBHT TN 0.996. XE
W e R 7 gt S0 52 5 PEG 2 1if) CoB AL 2 IELLSC &R, 5 3CHR[18]Hh RGBT . Hik ]
R, AEBTRNRAET, BB R BAL T N B T AR R B, AT R R 3R R AR R
WA AT AR 0.1 g PEG 21l CoB fEALTIE R IR H 5 T #EAL 2 b /K il U ML) TOF {0

761.22 mol Ho'mol™ CoB-min~t.
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Figure 6. Catalytic performance of PEG-modified CoB under different catalyst dosages
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Figure 7. The relationship between hydrogen production rate and catalyst dosage
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35. REERENEEEHETE

8 NEAF RN T PEG 1) CoB HEALFIREML M E KM A ERel, WA, FEER
FEfTi, PEG 211 CoB AL AL HE /K i sk Aol bR, FLIR PRI REA2, BT A
TNT 531 B0 RORE A R, B A T S N AR N R 2, AT S MR I K. [N T iR
25 NHsBHa (R AL 9B, S IniE v G d2 26, ZERRH Ho BO, PRGBS R T, &4
PEAT i BHLZE, i N3 K
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Figure 8. Catalytic performance of PEG-modified CoB at different reac-
tion temperatures
8. FEIRELRE T PEG 121 CoB LIt AEE
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Figure 9. Arrhenius curves of CoB catalyst performance at different tem-
peratures
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K 9 NANENREE T PEG 211l CoB fEAL I AL 2B e P~ S BT Je S Hrth 42 . ARFERT IS JE & i A
RSS2 R, TTRUHE L PEG f&14i1) CoB ALK M b K i = SR S T AL e 9 44.04
kJ-molt. [19]5F A il 2% 1] CoosNio.a/NC {1 7t A4 S W e 7K fift = S 1 S B AL e 4 64.81 kd-mol ™2, Ak
[20]%5 A il % 1) Co-Ni-Mo = g KPR AL I AL Z IR e K = E M BTG RE Y 46.91 kd-mol 2. 7k
[21]55 A il % (1) RANi/Co3O4 1H 4 71 A A0 S0 e /K e 7= 2 1) e B35 Ak ey 66.65 kd-mol ™. 3R B AR SR I0 il %
1) 2% PEG6000 14111 CoB {4k 71 \E 3 FEAR T 2t K Al OB FITEALRE ,  $-TF T BB K MR I S NI R

4, gEip
K H i 853 BN 2% PEG6000 1211 CoB A4 71 A0 ZU I e /K At 7= & s 82 1) TOF {H =ik 761.22 mol

Homol™ CoB-mint, H s RiH ALK 44.04 kImol ™. JHEDECN 2%F PEG6000 At %] CoB ki
%, REHE CoB BRI/ #UE. i HE Rk F] 750 rmint i}, PEG 1&1fift) CoB L5 1L 2
FEK =S BOERIA B B, Pl il w2 SRR A A RIS . PEG 121if¥) CoB L5 &= 57
AHEREIEHRR, IEERMNMAT RNE) S ZEHI B 25 LR, 20t AN K s AR5 4 8 i
EFIFRAL T BB, BT PEG BISEIRMEYL T CoB ML 5 B 5 M8 il f, 7 BRARAEAL A A (1)
A B SEEL T O S A AL R e DR RE I KU N 3R A T R AR SR

E&UH

B ) RS2 AR QB B 2Rt R T H (2025129490085), KB H Ui i 27 e K A= BT UK 10T H (2025003),
N IS 25 B oK 2 A= A A )1 2k ih &I 35T H (DCY2024010)
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