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WO B R, TR, BRIE!, AR
ZLK', HAA' HAE', KEE'
(1. AR Tk KAzt 540 T 2B, A AR 230009;
2. KAE TR EBRA R, A0 230009)

FE 2,50k R (FDCA)VE I —F LA R A b &Y, Bt A i & i AR SCLARRE P
P 5-F8 H S (HMF) (19 2, 5-k i — FF R (BHMEF) S J5URE, SR PyAE Sk (PYa-C) 9 K AR AR, 7
IRAEAE T (1.45 V os. RHE, # % R SCL T BHMF =i fL 2kl 45 FDCA. 255388, PLLAGIKRZRIE X
WL Pe—C R 5] B T AR AR, T GRS AR BAE 5 PYa-C AR 4R HB A7 45 F Ik PUC 182 220 mV,
Tafel 1 ZN 34.63 mV/dec, HLH5H%5 HL L £ F4AK . 76 1.45 V(vs. RHE)HLAL F, FDCA =534 92.80% , A4
BE R 91.45% , HAGIR 5 RJGTEREIRFRiaE . MU i, B AR MUK AE A THL] . BHME 282, 5k —
% (DFF) 5, 5-5% B 56 -2k iy FHY 1R (HIMFCA) PR 4% B% A28, e 238 2o 5- Y ik 56 -2- ke g HY /iR (FFCA) #% 1k Ry
FDCA, P& PEH O EIARR U R R E T S i3l 775 .
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Electrocatalytic Selective Oxidation of 2,5-Bis(hydroxymethyl)furan to
2, 5-Furandicarboxylic Acid over Pt/a-C Nanomaterials

YANG Yang', QIAN Jun’, DENG Peifeng', XU Chenhui', LIU Jialun', LI Yatai',
YANG Zhenzhen", FU Mingchen", ZHANG Genlei"
(1. School of Chemistry and Chemical Engineering , Hefei University of Technology , Hefei 230009, China;
2. East China Engineering Science and Technology Co. Ltd. , Hefei 230009, China)

Abstract 2, 5-Furandicarboxylic acid (FDCA) , as a key biomass-derived platform chemical, has attracted
considerable attention for its green synthesis. In this study, 2, 5-bis (hydroxymethyl) furan (BHMF) , which exhibits
higher stability than 5-hydroxymethylfurfural (HMF) , was used as the feedstock. Pt/amorphous carbon (Pt/a-C)
nanomaterials were employed as the catalyst to achieve efficient electrocatalytic oxidation of BHMF to FDCA under
mild conditions (1.45 V vs. RHE, room temperature and ambient pressure). The results show that Pt nanowires are
uniformly loaded onto the amorphous carbon support via Pt-C bonds, forming a strong interfacial interaction. Pt/a-C
exhibits a 220 mV negative shift in onset potential compared to commercial Pt/C, with a Tafel slope of 34.63 mV/dec

and a significantly reduced charge transfer resistance. At an applied potential of 1.45 V(vs. RHE) , the FDCA yield
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reached 92.80% with a Faradaic efficiency of 91.45%, and the performance remains stable after five cycles.

Mechanistic investigation reveals that the reaction follows a dual-pathway parallel mechanism: BHMF is converted
FDCA via either 2, 5-diformylfuran (DFF) or 5-hydroxymethyl-2-furancarboxylic acid (HMFCA) , both ultimately
proceeding through 5-formyl-2-furancarboxylic acid (FFCA) to FDCA. The synergistic effect between the Pt active
sites and the support promotes the reaction kinetics. This study provides a new strategy for the green synthesis of
biomass-based FDCA.

Keywords 2, 5-Bis (hydroxymethyl) furan; 2, 5-Furandicarboxylic acid; Electrocatalytic oxidation; Pt/amorphous

carbon; High-value utilization of biomass

T X H 5 IR A Ak A1 RE TR I8 5 A A8 R B IRl AL, JF & R FH AT A A 0 e U AR AR AL e A R D
BE, OB ZREMES. ST, AYTIEE S G st (b EHE S 2,5- 0k —
FIR (FDCA) R HS A R RS2 Ak 2 B o6 25— F R (PTA ) ELA 725 B MR A WA S 1T 55 BR 45 4 45 U i
HREH, SA NN EEREE T PTA M. FDCA T TE M — RIS ERER G, Ik
Wi F R £, TSP (PEF) . REEE (PAFs) R &BRS , AT 1.

HAT, LIEY AT G50 F 5-5 500 (HME) Ry 50k, i it 2 Ak A Ak 145 FDCA 19 “HMF
PR O IZEGY . AR R A AR B A JE A AR (40 Au, Pt, Pd, Rus ZMACHTE TR | BRAK
B TI0,5) , TERRIEA B AT SEEE HME () = 8 Ak, 2R3 B A AR 16 1 55 FDCA Wi 7100 R
ARG AR (1) HMF &5 SR (2931 °C), b mTs ik, TARIRAGEF Sia ki, W mim 7
R T RAS 3 (2) 78S B Bsmas SRS o, HMF 2555 R AR IR A . FFIRRE BRI TN , 3 AN
ICT R PErE, o S ECR A2E e R R TR PR AR TR 12,

FEXF BRI, DL HMF (1958 4 &0 9 2, 5-Wk i = H % (BHMF) S A6 A 3R 1A 5 B FDCA (1)
“BHMF J&£8” iz Az . 5 HMF AL, BHMF R A, 45 5 (£975.5 C)dem, HEA S b
PE, JCILAERE AR A B, n] DRk B /DR AR . 1Ak, BHMF Al ad @ e ek | IRk
AW HMF I T2 ESERAR , (AL AE R AF | 185 S S 0 3 3 1T 359 Je 300 1 0 o ) . 4
Jyteel JR4E BHMF BRI i, (HoR MGG Vi Ab S Ak 128 GRVE 5 1 P, Pd 55 5 & Jm AL 7)) 47
AEAE N 257 280 (U B W JRLEE /8 1 80 °C, T i R AR, SO IR ) ) S Il R, il 2 T Hege e S g
B B AR B ARAE S — R AT 58, TR IR TR LK R S8, i A Ha AR 25 i R
RS, ToTEERANEA], A FRET HL5 T 202 X PSR PR AL R BRI S, PrEAEfL
FC PR AT 0 AR AR 22 (B R A Ry e — 24T

Rk, ASSCECH T R ache s AR, DLSEEE BHMEF ZEIR AN 2500 T a4k i FDCA. &t
IRl A T —FH Y PLAR LR 638 TR SRR IR A & S AR (PYa-C). 76 BHMF HLfEAL AL S H , i
WA IR R PE R . TEULAL AR 1. 45 V(vs. RHE) N #EAFIE L7 L%, FDCA 773835 92. 80% , ¥
FIEERCR A 91, 45%. X —A SRR PR T Pe gl oK R i A AR 25 # BT SR 1L A 2 3 T PRV A 5 IR e 3R 1k
R HU PR R A% e 22 1) R I R R

1 SEIGEH

1.1 K5

5-F2 H EL MR (HMF, 45E 99%) | R & (HCL, JiiE 434 38%) . 4= F i FR A A (Nafion, Jit 12 434k
5%) . 2,5-Wkmf — WP EE(BHMF, 4615 99%) | 2, 5-Pkg — H1 % (DFF, 26 99%) | 5-F Ik 5E-2-wk i FH iz
(FFCA, 4l 99%) . 5-F2 H JE-2-Wmg H R (HMFCA) | 2, 5-WEMi —H R (FDCA , 45 99% ) Fl 7S /K & &4
fig (H,PtCl; - 6H,0, 4liJE 99%) , 4r#rati, Eikgpid T A bR A BRA Al 5 kR [ (NH,),S,0,, 4l
99%] . ML (CHN, 4L 99%) . £ % (C,HO,, 4lifF 99%) . A AL (KOH, 4l 98%) . — H jig
[ (CH,),NH, 4 98%] . R (CH,0,, 4l 88% ) F LI (C,HO, 4l 98%) , 4rral, 258k
FIA FRAH] .
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Agilent 1260 A SRR AH EIEL (HPLC) , SEEILHERFHEA TR Al 5 CHIG60E BUHLAb 2= TAEY;, |
T IR AR A FRA F] 5 D/max-2200 7 X GHERATHHU(XRD), HABR2E/ ] 5 K-Alpha B X 3486
TF-REIEAY (XPS) Fl Nicolet iS50 T FL £k 2% J (v A8 B I AR 4021 AR B354 (im sitw FTIR) , 55 I ZEBR KA /R B}
/N Fl 3 JEM-1400Flash %Y 3% 59 f5 - 2 1 85 (TEM) 1 JEM-2100F B /&5 4 3% 2% 33 5 i1 7 5 i B
(HRTEM), HASHLF#k 24t Optima 8000 %Y HEJEHE 5 45 B 114 &k B 15 (ICP-OES) , & E #1434
IR A BR A W]
1.2 BEAFNHE
12,1 a-CHydl & AESHIR (a-C) 2RI A BUR FH SRS . 198, 15 0. 66 ¢ id BFREE 5 0. 2 mL L%
BRI SIIR A, 7260 CTRHiFIF 2R L B e T, 158 B RMAS Frokik . F/5, BZardR s /it
BERS A, FeRs B b, ERAREARYTR, LS C/min B FHEEERIEE 500 °C, HIEMBSE4 h.
R R ARB I B EG , BURBR ™Y, Jofa LB FoK MO BA BRI 3 IR, & T80 CHFHEA T
# 12 h, BP1S HARAE M ibkL.
122 Pra-C A b7 89 4 & SR & a0 IR vk il 2% JE db i 00 2080 9 KR AL 7] (Pra-C). B 5, %
10 mg a-C ., 3 ¢ KOH, 6. 8 mL — 1 Jii % 2. 33 mL H iR (88% ) HKIK TN 24 mL £ AR, S 4 HUE
W) BRI . BEJS , WZAKZ TP A 0. 68 mL H,PCl, 5 3% 14 %5 W (4 &4 1 mg H,PtCl,  6H,0/mL
H,0). 7orBith)a , BB AV R 2R VU O AT AN K A N A b, %85 BT,
F 170 'CF N 8 h. Ff VAR R AR H B G, B WK JCK B 25 8 /K B0 R s AL
WK, LAEBRTR B B RN B FE) , e e T 60 “CF BAs T4 12 h, RIS H AR Pr/a-C AL .
123 TAERAAWH & SRAEERES & TR, B, BIRE(NF) TN 1.5 ecmx1 cm /)
R IR ATCIK L 2 mol/L HCL IR AN 25 B8 Tk, 45 7 18 Uk 3 min DA 2B 1 1L K A L
Y, BJEF 60 CF T4 12 h, SE BRI . SR)5 , FEHIFRELS. 0 mg Pva-CAEALS, 5470 wLIJo/K
1 )% 30 pL Nafion %R (5% )15, TEOKAKIE HfE R AL 34 30 min, BRI A1800E O MEAL R 28yt .
R 100 wWLiZsTt, P57 T AL S 19 NF R0 GEPERRZ A 1 emx1 ecm), T60 'CF
T4 30 min, BPifil75 Pva-C TAERML . VEXSRE, SR S8 S AH R R 20T, KAk )24 o A [R] 5T A
AP PYC(20%, it s B8O, il 2% BEEAR .
1.3 BFEURAE

Fi A AL R R vE = FAR R R, (R Al ARG SR . AR R B AL
e, XA EAZZ A, S AR Ag/AgCLHAR (TR RN KCIR IR ) , HUMRIRA 1 mol/LKOH W . T3
HHAH BT A E(vs. RHE)=E(vs. Ag/AgCl)+0. 197 V+0. 059 pH &40 A xF T 1] ¥ & H Al (RHE )
FELAL . HARINRT H 52800 (D) J§RE 2 (CV) : 7845 10 mmol/L BHMF Y HL @, F
0.4~0.5 V(vs. RHE)HLAZE T, 435184 10, 20, 50 F1 100 mV/s B335 3RS F I . @k 38 s i
25 SHEMHRE ML X R PR )Z B (C) , IR AKX ECSA=C,/C TR R AL FIEMER T (LLH
25 C.HWUCHRAE 0. 49 mF/em?) 5 (2) ZRAPEFIREIR L 1L (LSV) « ZEZE IR T LA S mV/s B F 3R PEF 73,
PEAS AL A R S M Ak PERE s (3) 3B HER (Tafel) 40 #1 « JEF MR IR 220 808, 038 JE R Oy 2
N=a+blgilHEA TG, IFIE L AN OR IS JER B2 () TS % BE () 5 (4) WAk~ BHBTIE (EIS) -
TEFFBEHLALT , T 10°~10° Hz 3G [ o, T A ek A v fa e A ri B (5) THISFFELIRE: (CAD
TE1.5 V(vs. RHEVEEHAL T, 7 10 mmol/L BHMF (4 HE A RHET TR, P4k AL 7 By BB 1 T
FasE e . A R R, BB L 250 v/min BE HUER S RE LA (3L TR 5 .
1.4 =Y

SN VAR 7 A o OB s AT M S e R . A A5 AR, ChromCore
Sugar-10H # 5 K% , /R 2ZZHERES (RID) 5 FishiAfl, 5 mmol/L AR ER /KA ; i 0. 7 mL/min; FEIR
50 °C.

K MR 0 5 BN 7 ) v £ 4 e B . BRI 20 WL VE A HPLC SEA A, 2 il bm o ith £k
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BT RO . BHME RS (%) . FDCA P4 (%) BV ACH (%) B F SR HT
BHMF Conversion = T b conmumed. 3¢ 100% (1)
M ByMF initial
FDCA Yield = — el 1009, (2)
mFDCA theoretical

FDCA Faradaic efficiency = w x 100% (3)
KEF‘ ¢ IMBYUWF consumed (g)i{l}iﬂj{ﬁﬁlﬁl@ BHMF ﬁi’ mBHMFinhial(g) yﬂ}im%ﬂﬁﬁ% BHMF E\%i’ Mygpca acmal(g)jji

B B FDCA JREE 5 mynes peoenca (2) A ERIE 158 256 AL T A2 B0 FDCA JB R 5 14000, (mol) R SEBR A 1Y
FDCA ¥)JF )5 F(96485 C/mol ) Mk 880 Q(C) Ay S i i k) s v g 1

2 GRS

2.1 BUFIHESRSERRE

WE 1(A) FR, Pva-CREEGYIEIH AR A F RTES . 9K 590K . S ds it 1 i
5 (HRTEM) BUGHE— AR /R T B 4525 5 . AR 2R 22 TH AT D75 6T 14 ks 258, LI 114 o5 T 1)
FE25°4 0. 138 nm, X0 F 428 PAd(220) fhifl, IESSZA KoM 25 S PR L(B)AIN(C) 1. 52 I8 A fif
AT EL RS, 00K A DO B E 20 nm (19 155 20 RUBE Rt R AR BT ] di s 580, B R AR S 25
[E1(D)F(E) ]. 2B A EE5H, BT LA 2 AR A TR R 45 Th S PR 1 38 B Sk (a-C) 92K
A2 b 3B A S U - R R O R X R ETE (STEM-EDS ) JG 2 161 40 Al e ik — 2 0 UE T 1
WEHLEIL(F) ], AIUL, CIURAAEREANFE 55040, 1 PUCER 550 5t 5 5 TR Z X,
TE a-C AR 3L IS5 0005 . 1245 R EDWHBIIESE T PUIFITE a-C 3004 et a8, M3 T BR
Pt/a-C 5 G458 . i@ 1d ICP-OES M7% Pt/a-C 5 XF Pt Ak 7] 7 F PyC v Py & 5223 51 19. 1% 5 19. 6%
(43450,

¢

). 138 nm

\ Pt
/
X (220)

§
I
1
[

50 nm

d 50nm 5 50 nm dl
Fig.1 Low-magnification TEM image of Pt/a-C catalyst(A), HRTEM images of a Pt nanowire(B, C), HRTEM
images of an a-C nanosheet region(D, E), STEM-EDS elemental mapping of Pt/a-C catalyst(F)

RN AR O AR A S5 40 5 et A2 4R, X&) PYa-CBE B EFT T XRD 5 XPS RAE . Ul
K 2(A) IR, 18 P/a-C B9 XRD IS H, AT 20=39. 767, 46. 40° 1 67. 6° kb (1) 3 AN AEAT 5 06 40 1 5 17
T LA (fee) Z5F9 42 J@ PLEg (111), (200) F1(220) dfTH . [R] A 20~207 B T W2 21—~ 58 1 R ELAY
ST I MR S S F R RRE , B TR SR (a-C) 2R . XRD 25 SRR, il st Ak 5] B 45
fns Pt ARSI G AL, 5 HRTEM WERE5 R —3L .
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XPS LS4 K 2(B)~ (D) s . iR nkedh T8 PS5 ConRAM K 2(B) ],
RAGIFI ] B AR5 S, FWIRPRE B F . A P, HUE & 20 W XPS 3 181 [ 8] 2(C) T T Ml 4, 15
FI PR 57T 70. 93 F174. 28 eV Kb 1) — X5k 53 30 - & T-Z M PO 4f,, 5 4f,, 9118 ; 2T 72. 18 F
75. 28 eV Ab A —XF B HF WIS N F M PO Rl (Pee) , nTIH R F R IER MA@ il pe ok 3
BUFAEIEAS, SO HAE B AR A RE BB B . C BB E 40 XPS i & [ K] 2(D) |2 404 n] 43
F3ANESY: AT 284, 8 eV AL FIEXS I C—C/C=C 8 (sp*B%) , LM a-C 2RAR B 17 BAL I IX G544 5 7 T
285. 98 eV AL T] IH JE A P—C 5, KB PeAAh Sl ik Z A AEZESRAR BAE T 5 17T 287. 53 eV ALY
B WENIIE T R A AUE RB AT (C=0).

@A)

B)

oy

PL(JCPDS#O4-080r

| |
10 20 30 40 50 60 70 80 1000 800 600 400 200 0
20/°) Eo/eV

© D)

7I6 7I4 7I2 7I0 29IO 2;38 22;6 2é4 282
Ev/eV Ev/eV
Fig. 2 XRD pattern of the Pt/a-C catalyst(A), XPS survey spectrum(B), high-resolution XPS spectra of
Pt,(C) and C, (D) of the Pt/a-C catalyst

30 2 2R B - B0 BRSBTS [ AR R Y L SR TR LA, AHOCER IR B T8 1. 5 a-CAH
e, 1%k Pon Fe R m A 202 17 m¥g B0 % 206. 43 m¥g, “FHFLA2H 5. 06 nm 3 £ 6. 19 nm, F I Pt
AORZR I T BT AR ALIE S ZE , XSTEUARSLES 2N . SR PUC(148. 29 mY/g) MHLL, Pr/a-C HAT
R LR, AT$R AT 2 (G M o, oA 4w A ik, 35 P R AR iR B AR 2 (8] 0 A ELAE
F, AT B8 i A 0 A e P A AT 4k

Table 1 BET specific surface area(S;;,) and average pore diameter of the catalysts

Catalyst Sper! (m?-g™) Average pore size/nm
Pt/a-C 206.43 6.19
Pv/C 148.29 9.26
a-C 202.17 5.06

2.2 BiFEEgEmik

TG, SR LSV AL T 4L I X) 2, 5-wk i — H i (BHMF) B2 42 fk (BHMFOR) B i fb 1 RE . 4
3(A)FR, ZE545 10 mmol/L BHMF FJHEL R, Pt/a-C IR LA BRI PYC 825 220 mV, 22
Hnr e AR A NI SR, A AR 250G . R T2 1. 45 V(es. RHE) BT, Hréa s n;
(OER) JT 445 BHMFOR 354+ . MEfIFEAE BHMFOR AAAETEE , M HL 7 R 15 55 OER ML, 15
F5 BHMFOR HL i [ 11 3 (A ). 45530, Pr/a-C 7EREAN Ha {37 X ] N 34 8 04 B 58 25 T Pu/C v
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< 0 |emr ) é
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’ P2 14 1s S /A =
EN(vs. RHE) o /
0.02 159V _/
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=25
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Fig.3 LSV curves in 1 mol/LL KOH electrolyte with and without 10 mmol/LL BHMF(A), current densities
at selected potentials(B), Tafel plots derived from LSV data(C), Nyquist plots of electrochemical
impedance spectroscopy(EIS)(D) of Pt/a-C and commercial Pt/C catalysts

(A) The inset shows the net BHMF oxidation currents; (D) the inset shows the equivalent circuit model.
WL . JE—Xt e Tk i PR R, EWIESS T P/a-C 78 BHMFOR F HLAT 8 4 S5 i A AL
WEHELEI3(B) .

FyHE— RS N Bh J12F , SHEALFIPEFT T Tafel BERM A EIS I . 40/& 3(C)FR, Pi/a-C 1
Tafel 17 (34. 63 mV/dec) K TR PUC(101. 10 mV/dec) , 7B HHA e i) v fif 56 7% 5 )y 20k
P MBI EISZE [ #3(D) B8R, P/a-C B Nyquist 35 8 5 30 E /NG R B4, %I AT 8 i i 7 v,
BH(R,,). Falah FAHE EDIE, JE[FUESE T Pr/a-C AL 7E BHMFOR Hr AT B 25 385 i S I 0 o) 12 .
23 HmMEAMERIES T

SR ARGT SN FE R, 38 R LA 2 BE BT IS 4G A Bode AHA I (B 4) XHiEALA TR itE 4T T 8hids
ST . AN 4(A) R, 76 1 mol/L KOH 4l LI ', Pt/a-C 7EZ 1. 45 V(vs. RHE)HLAL | 280 H 35 B 14
FRATAR A 06, % B F MY (%) OER FRAE . 4 HE MR 51 A 10 mmol/L BHMF J5 [E14(B) |, 721 1.35V
(vs. RHE) &b H 88—/~ & 25 9 87 A 050 AR 7 0, BH 8% U4 J& T BHMF H 48 fk 2 #2 (BHMFOR) , 3 B
BHMFOR 7E#4 2% 4 OER B 5E . B ALE— 4 R 2 1. 45 V(vs. RHE), %0 L 1] 4K
W B HLARAL A 253G K, R W BHMFOR 1Y e 3y ) 2% Bl 5 FoL A P i ple . 53X — 304 AT REVE T

—Phase angle/(°)
—Phase angle/(°)

lef
Fig.4 Operando Bode phase plots of Pt/a-C in different electrolytes of 1 mol/L. KOH(A) and 1 mol/L. KOH
containing 10 mmol/L. BHMF(B)
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BHMF X {4k 77 3 1 52040 )2 (41 P-OH/P-0) B3R 8 JEAE T, MRS YL 57 A 0 F 08 5% 4 8 i itk — 2
Ak . X —JR AL EIS 43 BW3E /5 T BHMFOR 5 OER 7E - AL A A4 52 2, 5 LSV, Tafel &
EIS 50 /12725 A0 B ENIIE .
24 fEAEESEIAREENR
A PEA AL FIPERE , 7 BHMFOR 7 M4 H OER 3E 4555 A9 1. 45 V(ws. RHE) LA F k4T T

fE HL A HL A 000 . BHMF S8 2% fb 2 FDCA hy 8 L TGRS i A, BHIR r T fi fof £tk 240 C. HLfff LIS
Hifaf B, Pr/a-CHEALFRISEBL T 93. 32% 1) BHMF #54b% | 92. 80% 1] FDCA 7= & 91. 45% Mk Hi 4
R, B WAEARY BE T PUC X BRAL L EIS(A) . fEfb AR e ML R B 5 (B) iR, Pt/a-C #E 1%
SLAYAEIA T, FDCA =R 5L B ORI R E , AR BB 2 20k Xﬁiﬁﬂ‘iﬂ'ﬂﬁt}:m Pt/a-C L5
PEAT T XRD MR ATES AT . A 6(A) PR, RE NG, Pra-CAHEILRI XRD 35 & 5 B et fk

LT 58 4 — 20, AR BB AT 5 0 sl B 0 i I DR B8 . 9 oK 4 3% THIATS T 55 1038 BT 119 i A 45 8L
[ 6(B)FI(C) ], HARFERIEE A 0. 137 nm, XN F 4@ PLiy (220) Sl . GOKE A Bl a9k R,
HRTEM T A WELH) Fhs 4580, £ HMARSZEH . STEM-EDS JT 2 [ 43 i /0 M ik — 2 B0 3IE 1712454 .
WK 6(D) itz , CILRILIMT T HARES,, T PUTRIE SEE M R TR K. A 45 HR%
B, AR ERS e S 5 A R, BT R AT R 25 RS e PR SE B Y 7

(A) E #Pt/a-C 100L®) 1100
100 | EmPyC : ‘ ‘
80k ‘ 180
80 | s
—_ = - 4
SRR 5 60 60 @
T % =
£ 40f S 40t 40 E
o)
(s
20 20+ 420
0 (- ] 0
Conv. FE  FDCAvyield 1 2 3 4
Cycle

Fig.5 Comparison of BHMF conversion, FDCA yield, and Faradaic efficiency between Pt/a-C and
commercial Pt/C(A), cycling stability test of Pt/a-C: FDCA yield and Faradaic efficiency(FE)

over four consecutive runs(B)

(A) Pt/a-C

PL(JCPDS#04-08 M“-—JL-—

10 20 30 40 50 60 70 80
20/)

100 nm 100 nm

Fig. 6 XRD patterns(A), HRTEM images of a Pt nanowires(B, C), STEM-EDS elemental mapping(D) of
the Pt/a-C catalyst after stability testing

Chem. J. Chinese Universities, 2026, 47(8), 20260070 20260070(161/163)



Jd E% s Ky g R

I l l CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁ?ﬂiﬁ:\,i

25 REBESHIERER

HERFE Pr/a-C HLAHEAL BHMF 4546 £ FDCA (%) [ )b %45 , 8k HPLC N 1 B sl F v 1) 43 A
WE7(A) PR, M LT EE3 I, BHME We BERESE N R%, H & HMFCA FI DFF 45 A5 IS AE . 445
R N T BB A EAT ISR IEA T SRR S b A Al 2, 5-PK IR — F % (DFF) , sl L p e b AR
% 5-F8 H L -2- kg iR (HMFCA) , 3 i &3 2 il 5- 1 Ik Ok -2- vk Rg HHY R (FFCA) %% 1k 5 FDCA
[E7(B) ). 53CHRLS, 9 45 AL, BEAb, At I ALLT AN G A8 AN [F) S I i ] 5 H 37 T X o i) 7= 4
P W, anE 7 (C) (D) s, 1560 em™ Ab 4 9% 2 14 )9 J& T BHMF o C=C 5 () i 47 9% 3
1648 cm™ 4k (1) 14 I J& T HMF 43 F Hh B 2k (—CHO) 5L 19 C=0 P 45 #E 3 . 1540, 1554, 1574
1680 cm™ &b %16 43 5] XF )i HMFCA, FFCA, FDCA Fl DFF2-> (& 7(C) R, S 72 H A ) 17
DFF 5 HMFCA, iESE T AR RAETE. B 7(D)RM, MH A TS 1.1 V(es. RHE)FHRE 1.5V
(vs. RHE)B, C=0(1648 cm™") FFfE WG58 FE W8 58, UiBHAE S i AL F—CHO H (R4 0 W 345 . il
BEHEIRT, 25 N TG R AR A THL .

0.
120 ) ——BHMF (B) HO () o
100 = e
80 o~
HO/\U/\O

60
40
20

Conc.(%)

HMF S
OH oH \u
Ny e o 2,
A~ O~ \ / /\Q/&
o o) HO o
\_/ FDCA \_/

DFF T / HMFCA
0 1 I I I I OH /
0 50 100 150 200 250 o™ o
o/IC FFCA
© 55 555§ D) &5 5 5555
=3 oS o X oS
54 min g '§ E"EBE § . § EEBE
. T 1.5V i ]
A8 min__ - i 1 1l
42 min_ /7 ~ A AN 145V _~ o
36 min__ (PP = e 14V S e T 1 [ (S
0%ni Y TR —_—1 1 (NR] .
gg z:ﬁ Rt DU 135V __ 41T —TH————————
W : 1) L3V 1 e [
IBHMF 1560 cm™ FFCA 1554 cm™ HMFCA 1540 cm™ BL HI NE 1560 — L HMECA 1S40 |
X " X om’ cm™ om”™
IDFF 1680 cni HMF 1648 cm* FDCA 1574 e DEF 1680 em-» HMF 1648 e+ FDCA 1574 e
1800 1700 1600 1500 1400 1300 1800 1700 1600 1500 1400 1300
Pem™! Pem™!

Fig.7 Concentration profiles of BHMF and its intermediates/products obtained during chronoamperometric
electrolysis using Pt/a-C(A), proposed reaction pathways from BHMF to FDCA(B), in situ FTIR
spectra of the Pt/a-C catalyst recorded at various testing durations(C) and applied potentials(D)
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Fig. 8 High-resolution XPS spectra of Pt,(A) and C,(B) of the Pt/a-C catalyst before and after the BHMF

oxidation reaction
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