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Optimization and prospect of dark fermentation hydrogen production
strategy by metal nanoparticles under " double carbon”
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Abstract: Hydrogen energy is an important direction to promote the low-carbon transformation of fossi
energy under "double carbon". Though development of green hydrogen technology still faces many challenges,
microbial dark fermentation is an effective way to achieve green hydrogen conversion of biomass. The use of
metal nanoparticles (MNPs) with quantum size effect, large specific surface area and high conductivity to
optimize dark fermentation hydrogen production technology is a research hotspot in recent years. In this
review, the mechanism, technical difficulties and effects of MNPs on optimization of the hydrogen production
performance by dark fermentation at home and abroad were summarized and discussed. The effects of three
popular MNPs optimization strategies of iron, nickel and zinc on improving the activity of hydrogenase
system, enhancing the metabolic hydrogen production pathway and optimizing the microbia community
structure were then emphatically described and compared. Finaly, the research directions and application
potential of dark fermentation hydrogen production were prospected, such as optimizing the activity of
hydrogenase by MNPs, broadening the substrate of biomass fermentation, screening and reactor design of
hydrogen-producing bacteria, and devel oping biomass fermentation technol ogy.
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Fig. 1 ChinaH, production in recent years and future demand trends in various fields (a); Main preparation methods of green
hydrogen (b); Main forms of biomass in nature (c); Published paper trend of microbial hydrogen production
technology in recent six years at home and abroad (d)
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Table2 Effect of iron-based nanoparticles in dark fermentation hydrogen production system
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WA, X R [Ni-Fe] A I . AR AR AR
AR R AL & i | A EEE T |
NiNPs it ik B o it & 5 | R A e skl g, b4
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W, AR £(20.80£1.12) mL/geop,  EITEST
i DA (44+4) mL FE 3 (37+2) mL, Z B4 NiNPs 195
TR BT e SE R AR IR IR, 35 Ni-Fe] &1k
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HEEFMZ—. 2 3 0L TEIE NPs 7E - & B2 &
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Pl 6 L LCHTF B8 R R B2y 200 mg/L 19 NiNPs L & /b 1) FESEM &1 (a. b) ; By &4 200 mg/L ) NiNPs FILL
PO B S [ 2 A 550 %5 5d (1) . 55 10d (c2) . %5 14d (c3) . % 18d (c4) | %5 22d (c5) A
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Fig. 6 FESEM images of co-immobilization of C. pasteurianum CH5 and NiNPs with a mass concentration of 200 mg/L

(a, b); Batch tests of co-immobilization of NiNPs with a mass concentration of 200 mg/L and C. pasteurianum CH5:
Images of day 5 (c1), day 10 (c2), day 14 (c3), day 18 (c4), day 22 (c5), as well as close images of day 14 (c6), day 18

(c7), day 22 (c8) (c)®!
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Table3 Effect of nickel-based nanoparticles in dark fermentation hydrogen production system

B REENEY WUk 2SR TR /(mg/L)  hifE/nm Ho 7= = BN
Beijerinckii DSM791 KITBEK NiONPs, CoONPs 15 ~26, ~50  214.9mL/L. 195.7 mL/L [72]
Bacillus anthracis FiME) %K NiONPs, CoONPs 7.5, 25 14 45mL/h [73]
PUNAJAN 1
Klebsiella sp. WL1316 K4 4 % 7k Ec-NiONPs 20 9.1+2.6 (2077.00+4.23) mL/L [76]

i)
IRGE R Tl Bk NiNPs 60 — (24.73+1.12) mL/geop [81]
PRE=R T TR H A b NiNPs 5.67 13.64 2.54 mol/mol s [83]
C. pasteurianum CH5 kg NiNPs 400 50~100 1.28 mol/mol 5 [84]
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BRI R A S0 Ak 7 T HAT B R S, o e VA
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ZnONPs i #E 1 P i iR 09 A= B, T PSP R 4k )i 3
TR TR L W A2 0 ST AR =, a2
AL AR B AR, 2D IR PR R H,
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FeliF MR (TAC) , il R THEA M T HT/TAC
gk Zn (Zn-HT/TAC) fifk7], IR HIHR &8 5%
B IR G & B WAS BYPE RO, 25k,
Zn-HT/TACHEALF FH i HT A1 TAC 2 31 HLAT & & 1)
553 BN A5 RTS8 1) W PR BE T, A SR R T 4
AR, TR ARG VFAs BRI, g
it pH TFRE, 2 R A A0 i A4 K g ) e A
Zn-HT/TAC Gk ¥ i 8.33 g/L I, Ik EEbIE 7"
HHIC NPs LI FRAH 3= T 26.62%, =ik 3.08
mol/mol wm. {H HT 534 %€ TAC filfL, Ik Zn fizk
etk HT B9 Zn-HT 235 TAC &, 221k ik i te 2
T AL LR B AR T 23.14%, HAELSCR Ak
SE PEARMEREE— 25 32T

kg it — 2 BRI 1 e S B R AR I L 3R TR
S FLATR L34 58 28 (A1 R A4 35 78, SY BOUNYA Z5197)
TEIG LR A 400~700 °CHYZMET, A L2151k
) HaPO, 0 PE T TG ¢ ( CAC) il #% T mCAC,
BHAEN Zn-Ni-HT B2 MBS T Zn-Ni-HT/
MCAC B &M K (K 7a) , 8 Tz RHEFE
Ve DA A& e MR AR S8R . R HaPO, et mT



5 3 1] AsEE A XU T 4R AN IURL R T R T T R W R 551 -
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JrN

i, @it eAE CAC W RET, (H R FLBRIE A
HHEWZ (E 7b) , 600 °C T mCAC600 [ f
AE it — 20 sk Hidl, RESiCir R ek HT 3%
3, #mEr = (KB 7c) , 1£ Zn-Ni-HT/mCAC600
BEMEH, B A ZE HT fig7E mCAC600
T AMFLER N5 04 (B 7d) , X Rl d Ak &R
9 VFAs, MR kIt pH R %, $2m
THUEWRIE R, HiZE SRR B Zn®
54 B B Re A UM R 5 B O 1 o A AL G TR
P, F—-PRETHEERE"® (K 7e) . 5

(<

e

VFAs \_\T \l

MCAC600 4 4k R 2 20 B R S80I & 1 1 03k R
e, A7k 2.958 mol/mol ww, 4il4RE T
0.335 F1 0.545 mol/mol wu (& 7f) . | FHZRAA 1 2%
TORL I T EAMY TR T VFAS 5 pH T [0 5,
A I 3 P U R R B TS e SRR e, R T SE B
MRHOIESR R, FRAC T MRk A A, R B 4
J& Zn F1 Ni Z [8] (% Pp [RI/E A B8 HE— 25 1 i i A= 4
REERIARE ST, A IS SRS & e AU Tl AL
FHERHL T BB . FEIE NPs 7S B ™ A R 4 h A
FHRCR N Hy 77 it WL 4,

* Hybrid functions of improvement

Commercial activated
carbon (CAC)

Hycirogenase ) "H,
e £ S
|| et - ) (p vl
utrient
: Ereer et | — Control 2262
culralianion 9 Zn-Ni-HT/mCAC600 2.958 A
R vs. mCAC600 2.623 .
! . | | mNemTmcacsl0 2958
NiHT/mCAC600 g vs. Zn-Ni-HT/CAC 2413

H, yield/

t-test

+ 4 Z(n-Ni—gl‘ i (mol/molsuerose ) (7 Value)
600 ° -
i 2.262
MO((irlnﬁ(gig)Ac - CAC  mCACSMO 2216 04703
/ + H,;PO, . choo 2408 00003
A +Temperature N \ k
a activation

MCAC F1 Zn-Ni-HT/mCAC600 (il %1t (a) ; mCAC ¥ FESEM Kl (b) ; ANFEEE T Hl 419 mCAC X & ™
BHEMASE (c) ; Zn-Ni-HT/mCAC600 1y FESEM [& (d) ; Zn-Ni-HT/mCAC600 WfEH I (e) ;
Zn-Ni-HT/mCAC600 435l 5 mCACB00., Zn-Ni-HT/CAC {2t =S i (f) 7]

Fig. 7 Preparation of mCAC and Zn-Ni-HT/mCAC600 (a); FESEM image of mCAC (b); Effect of mCAC prepared at

different temperatures on hydrogen production (c); FESEM image of Zn-Ni-HT/mCAC600 (d); Working principle of
Zn-Ni-HT/mCAC600 (e); Comparation of Zn-Ni-HT/mCAC600 with mCAC600 and Zn-Ni-HT/CAC in promoting
hydrogen production (f)°”)

R4 BPEIEGUORIURLTE W R I S R G R IRCR
Table4 Effect of zinc-based nanoparticles in dark fermentation hydrogen production system

Y RIEEIRY) WUk 7Y R /(mgIL)  kifR/nm H, 7 10 S 30k
R WAS ZnONPs 0~50 90+10  21.1~74.0 mL/gys [91]
Enterobacter sp. HDX08 WRJPERE SR ZnONPs 200 3010  0.45 mol/mol [92]
REHFW 151k Zn-HT/TAC 8.330 — 3.08 mol/mol [96]
HeA5 e TR Zn-Ni-HT/mCAC600 8330 — 2.958 mol/mol [97]
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Fig. 8 Development process of hydrogen energy policy at home and abroad in recent ten years
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Fig. 9 Mechanism of MNPs in dark fermentation process
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