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Abstract

This study systematically analyzes the effects of surfactants on the microstructure and oxygen evolu-
tion reaction (OER) catalytic activity of transition metal iron-based compounds. Using a hydrothermal
synthesis method, the crystal structure and morphology of iron-based hydroxide catalyst materials
were regulated by varying the type and concentration of surfactants, specifically employing the anionic
surfactant sodium dodecyl sulfonate (SDS), the nonionic surfactant polyvinylpyrrolidone (PVP), and
protonated laurylamine polyoxyethylene ether (protonated 1215). The effects of phase composition
and microstructure on electrocatalytic performance were analyzed using XRD, SEM, and electrochem-
ical measurements (LSV, EIS, CV). The results show that SDS primarily inhibits the growth of specific
crystal facets of the iron-based hydroxide through electrostatic adsorption, forming an elliptical lay-
ered structure and inducing the preferential growth of the (310) crystal plane. PVP enhances the crys-
tallinity of the iron-based material via steric hindrance, inducing the formation of regular rod-like and
cubic structures. Protonated 1215 promotes the formation of a porous fragmented structure, increas-
ing the specific surface area. In the presence of the self-supporting carbon paper substrate, the iron-
based compound catalyst prepared with SDS exhibits the best OER catalytic activity, achieving a poten-
tial of 0.596 V to drive a current density of 10 mA/cm?, a charge transfer resistance as low as 1.3 Q cm?,
and an electrochemical active surface area (ECSA) of 191.8 cm?. This study elucidates the interaction
mechanism between surfactant molecular structures and metal compounds, providing both theoreti-
cal and experimental foundations for the design of efficient non-noble metal electrocatalysts.
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RIS ERIAL, HECURIR AR 2 7S50 SR IERE 2 A ROC R BRAME B SCHERRAR SR AR A7 7E 5
PR, PET B SCHE HUAIR W 28 S5 RN AL AR 25 K S R SR an fer Bb i, H RTARSCRE FE+ 0 A PR 2
BE, AW TR X AN SR R S PR, TG RS A R AR S5 A ST RN, SR S f B S 1
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2. REHFR
2.1. TEXESHERKN FeOOH MR mbl&

JUKE IRk (Fe(NOs)s-9H20, 1.62 g/0.004 mol), FAtE(NH4F, 0.59 g/0.016 mol), JRZ (CO(NH,),,
1.20 g/0.02 mol) L Al i# T 36 g 25 F /K TR S SJ I 4 I AAN A 2 &1 SDS (0.2 wt.%, 0.5 wit. %,
0.8 wt.%), #iHt: 30 min J5H 2 % 50 mL AWM, 120°CIHEIERM 12 h, BARHREIRGE, &9
227K PR 6 I, 80°C HAZ T 12 h, BHEE1S 2K K, 43l iw 44 9 Fe-SDS-x%; 43 Al IAAN [F] & & 1) PVPK30
(0.2 wt.%, 0.5 Wt.%, 0.8 wt.%), i+t 30 min j544#5 4 50 mL AEFE R B3, 120°CIEIR M 12 h, HRE
WERRG, YLK 61K, 80CHT T 12 h, WHEBFINEK, @i N Fe-PVP-x%; AN
RIMGEHER, DK EIREL, S LR FZILFART 36 9 ZBF/KP ISR, ## 2% 50 mL
AFEWR N ZE, 120°CHEIRR M 12h, HRAHRZERG, FY&KHER 6 Ik, 80°CHZ T 12h, Wi
REMKR, 4N Fe-0.

22. BXESHEEREM/BRASE FeOOH #(FeOOH-CP)Hl&

Table 1. Sample names and the corresponding ratios of reactants for the catalysts prepared in this paper

1 AR SR EATIROM B R KR R AECEE

Sample FHILR el I (wt.9%)
Fe-0 / / /
Fe-SDS-0.2% / SDs 0.2
Fe-SDS-0.5% / SDs 05
Fe-SDS-0.8% / SDS 0.8
Fe-PVP-0.2% / PVP 0.2
Fe-PVP-0.5% / PVP 0.5
Fe-PVP-0.8% / PVP 0.8
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gk
Fe-CP Carbon paper (CP) / /
Fe-SDS-CP Carbon paper (CP) SDS 0.5
Fe-PVP-CP Carbon paper (CP) PVP 0.5
Fe-1215-CP Carbon paper (CP) 1215- i 7L 0.5

JUKE IRk (Fe(NOs)s-9H20, 1.62 g/0.004 mol), FAtE(NH4F, 0.59 g/0.016 mol), JRZ (CO(NH,),,
1.20 9/0.02 mol) I [RIE AR T 36 g 2 B F/K LI 21, 43 W\ 0.5 wt.%H SDS, PVP & 1215-Jii+
AR THVE T, R AL B 4K 43 1) 3 ELIR NSRRI 50 1 LR VR AR, TEARNERAN I N S8 120°C 17
W12 h, AHJGEC, Kbk 6 R, 80°C T 12 h, 3K Fe-SDS-CP. Fe-PVP-CP fil Fe-1215-CP, [Alff
1, TRALBE S BRI BT LUIUK A SRR A R R IR WP, AT RIS, SRAFHE
ERXTIRA, fw44 4 Fe-CP.

ANFIBCEE W% 1.

3. GRS 5Hh
3.1 REFMFINREEUFIREHROTNRE

Figure 1. High magnification SEM images of iron-based hydroxide catalysts with different amounts of anionic surfactant SDS:
(a) Fe-0; (b) Fe-SDS-0.2%; (c) Fe-SDS-0.5%; (d) Fe-SDS-0.8%

1. BAEFREEM SDS REIRME R SKESF LT SEM EI(SEHE): (a)Fe-0; (b) Fe-SDS-0.2%; (c)
Fe-SDS-0.5%; (d) Fe-SDS-0.8%
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B 73R S P SDS (AN RIS N 5 8k dk & R S I T SR R S sg e, an 1] 1 B 1] 1) o
RN SDS (KIS AR BURL R THALRS , S50 2B BSR40, 2l T Rmis k)
R, iR K R AR S BON R E, SRS TN 0.2 wt.%01) SDS kB 14751 &t &
FIURL S B RN BB REE Fe B . RIEA ARG, 2R RANRE M, BARTEEBCN PR M,
JEARGE AT E), T ERIZGER, Wl 1(0)FiR. A 0.5 wt.%[F) SDS 4k b 771 d A Jkr (- 2
WA, [FRHEUR R S frig ok, HRmEERGWERNFE HHE, BErRRSHSICRERE,
SEUHER RN ZES R, ithZ ZEWAH L, W7 REEHMZERIE, wE 1c)fiR. wE 1(d)
FizR, I 0.8 wt.% SDS Ji 1Bk EEAGT d AR BURLAC B A 2RI, AR GERRIE ] 2, SRINE 0.5
WtooAH EL (15 1(c)), MR ST#EIT, (HRTH 2 MHS 7 g 25, 30 K2R E AFE, ZE
FE BRI BEAFAE AN AL, BRI SRAE ORI Al L R It R A S5 AR AE s IR R SDS 23 Bk FE 5o gk 3
TEAL IR R~ B 3R TR T 350 — T8 SR, 17 oA A N o5 2R 5 S 77 (A b B AR T 5

2 2~ SDS ARG 2 A A RIR 5 SEM B XTEHEE 2 AT DOWEES], s
B A E AT B B B H IR, BOR R NS — (] 2(a)). TN SDS J&, Huk: 1 Rk,
AR RN 385, (HBERE SDS W I3 K, ORISR 10, M ik £ 0.5 wt.% )5 3 i SDS
INE, BORLRST T B R n (n & 2(a)~(d)).

Figure 2. Low magnification SEM images of iron-based hydroxide catalysts with different concentrations of anionic surfactant
SDS: (a) Fe-0; (b) Fe-SDS-0.2%; (c) Fe-SDS-0.5%; (d) Fe-SDS-0.8%

&l 2. BIEFREEMT SDS ARIAMEMNSKES S HELTI SEM BI(IREZEE): (a) Fe-0; (b) Fe-SDS-0.2%; (c)
Fe-SDS-0.5%; (d) Fe-SDS-0.8%
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3 IR 7RI ANAN R FE (1) PVP R ERIE AL HEAL I (¥ SEM [R5 s £ A B4R 4] 3(a)
Js, REIN PVP BRI G AU R IR R, S5 BRI B P 5 = k. anlal 3(b) i,
JIA 0.2 wt.% PVP BRIEHEAL I S BRI AUER I , FRIHTAT — LM A58 8 20 I AR IR B IR 4544
AU 0.5 wt.%) PVP ERIEHEAL 7 it A RBURLIL AU 2 AR AR, MM BN 20, RITH BN T8, %
A R B GRAR SR IR MY S5 (I 18] 3(c)FITR) . TN 0.8 wt.% PVP i FEK (i A 771 it (A Tk S 3
AN Z AR, BAA 2 AL, Riif 2R G PR # (n e 3(d)frs). X bl
3(b)~(c), WTLAWLEER], B PVP RIEEIEFIA ARG, BRI TEIR MG AR, 2 2R
MEEE, RARRHESIG, KU PVP 73BT X kI A A6 2 i 0k TR S BRI, A
T EREEMYIEITRIT . BEAMKT EERBURL R RL AR mT DOER R, B PVP & i, ZhEElE L
WAL e 2R G AR /N o

Figure 3. High magnification SEM images of iron-based catalysts with different amounts of non-ionic surfactant PVP: (a) Fe-
0; (b) Fe-PVP-0.2%; (c) Fe-PVP-0.5%; (d) Fe-PVP-0.8%

3. EEBFREEMR PVP TEIRMEHSKEMELT SEM EI(SEEE): (a) Fe-0; (b) Fe-PVP-0.2%; (c) Fe-PVP-
0.5%; (d) Fe-PVP-0.8%

4 8 PVP ANEIINEL B 2k 3 S S R 53R SEM . ST EL I 4(a)~(d) T LIS 3, BE#E PVP
WK, SR RSFRSA I 0, FIRINELE] 0.5 wt.o%, FIhn PVP HRINEZE 0.8 wt.o%l, ki R~
AR /N
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Figure 4. Low magnification SEM images of iron-based catalysts with different amounts of non-ionic surfactant PVP: (a) Fe-
0; (b) Fe-PVP-0.2%); (c) Fe-PVP-0.5%; (d) Fe-PVP-0.8%

BE 4. ESFEREEMR PVP FEIRMEBAISE LT SEM B(REZRE): (a) Fe-0; (b) Fe-PVP-0.2%; (c) Fe-PVP-
0.5%; (d) Fe-PVP-0.8%
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Figure 5. XRD patterns of iron-based hydroxides with 0.2 wt.% and 0.5 wt.% PVP added
5. ANINE A 0.2 wt.%F1 0.5 wt.%HT PVP BYEXE S E LAY XRD B
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RT3 ATV TN T A T Ak i S AR A P e A T it AR 5 R DA L e, i — X Fe-PVP-
0.2%. Fe-PVP-0.5% 5 Fe-SDS-0.5%¥3 K #F ik HEAT XRD R, Fo0br I Sb RSk K WIAR4L R, W&l 5 fir
e SRR, PTA R RA ALK FeO(OH)RHIENTSI8(26 = 11.8°, 16.8°, 26.7°, 34.0°, 35.1°, 39.2°).
{HH. 0.2% PVP IS, FEE U 26.7 58 FERSIC T F 06 11.8°, 14 PVP B INEIE 2 0.5wt. %0}, FeO(OH)
FRAEATST I T AR AR B, R U] SR AR 2 it BE RIS 3T, JF HL 20 26.7° 98 fEAR1S 5 i 11.8°AH A, i ]
PVP 5| % (310) L34k &Ko TixtT SDS MIMIA, XRD 45 F3& W] F: 04 26.7° 50 5 W i = T 0% 11.8°, 3t
WA T PVP /R RR NG, SDS T FeO(OH)M(310) fh L A K IiE S N B .

Figure 6. SEM image of iron-based catalysts loaded on carbon paper: (a) Fe-CP; (b) Fe-1215-CP; (c) Fe-PVP-CP; (d) Fe-
SDS-CP (embedded image shown in low-magnification SEM)

6. BREK LA Sk B L5 SEM B: (a) Fe-CP; (b) Fe-1215-CP; (c) Fe-PVP-CP; (d) Fe-SDS-CP (P E B AR &
& SEM)

NMIRIEEYE & CPH S T A SR T VB S A AL AT S0R Y, RATA AR
TR P77 K 3 P B (B 0K ) 26 R S S A R AR RIS A 3 P 3 T 3 T 1 ) 6 1 B 2 U5
WHEAFTESUN AR BEAT T XS EL AT, 45 R 6 Fias. 1] 6(a) Frm AN RN 0 v 1 770 B 3R 45 1 7=
Yy Fe-CP, W] LAFE B4 sl A BRI A SE AL DAL ) R DUTE RT3, 5 3 R STt M 8 A BR AR T 4R 3R 1T o T
#51N 0.5 Wt.9H) 12155 AL RG], WK 6(0) 7R, BReF4E E I BRIE SR LA 77 2 B HH 2R AUAE
WG, KR/ NI SRR IS, R AL RS ELAT 4/ MUK, S 25 K m] E R TR 2 58 17 A K 5
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S, R EH R BFIRE R, BAE SIS WE R 140 0.5 wt.%R HiEE PVP 5, 11& 6(c)Fw,
TR b BRI AL R R IGUK RS ST R 250, 2 A RS 558, Riws RIS FES
BYIRAFAE, 2P RAE L ACH IR %, IR ] e R AE S A T A A K AR, PVP R 2% )7 BEL 80 A
A AR 5T, I HBRAR L AR 2 AL A5 H REA 0 BUS RN AT o 498N 0.5 wt. %[ SDS K i M7 )5
wiE 6(d)Ara, 4l BRI AR R I PUKFRIR RS 450, R T R SL I 780 T AR A 4E R T
XARE/E T SDS & M & FRMGEMER, H e TR EA A, nlE R T2k S 105 A 8
T, A ss I AAEER, SOR ARAKTT  S T

gE b, 5SS RERRHRAR b AR K B R S SR A AR S A B SRR RS, HAFRIER
T R GRS FIAN R o B 7R S PEF) 1215-F7 T IR1S 9K keI g S e itk 7, R8s 1
FITEHEF PVP SR YUK RIS S A7) T BH B8 1 3R S AR AR 9 KRR IR R R A Ak
VML TG TS TR  2R B S A A e A7) R U] 2 TG R T S R A . X B A SR TS
PEF R B3 AL FRAR N RIS N R 2 24, HEA KR, MR- B KR g
FIRTESRON . —, FEAR R IFOR G IBRIG B TR TEIR, RIEAEXT B, RS K A7) 7
BLRA AT BRI, R RS /N R 2 2 AR T3 AT DASE 22 1) 28 8 S BEE PEAL R, 38R FRL K A AL TS 1

3.2. REEMFIXREMEMLTF OER MRERIR N

W e T LR AR AR K B AL I HL A /K OER fEALIE 1%, 14T LSV, EIS J¢ CV fa
. Fe-CP, Fe-1215-CP, Fe-SDS-CP } Fe-PVP-CP & 1 cm™> 1.5 cm J& £ = Hit R ik OER btk
AE. FTA RS LSV HiZkind 7(a) iR, Fe-SDS-CP 2 I H i KL LA L) 0.0952A, [FIRY, Fe-SDS-
CP 3R1SHLALZ E 10 mA-cm™ B /N AL AT 0.596 V, 1] Fe-PVP-CP AL} 0.744 V, Fe-CP fIH
£780.714V, Fe-1215-CP Hif7ly 0.688V, XK W] Fe-SDS-CP HJ Nzl /)24 0 Z Ak T AR &, XA RE
TN IR TV 14771 SDS 2k S S AP i A 77 LA B KR bR T LA S 35 AR K 1R (310) b, 184K 1 AL
P AR A AR, S T RSOE A R B R, A RN B J . ML, N PVP K IH
TSR S A AL AT A BRI P OER AL IEME, SISy RIS DS, X th it IA AR
I TATEREE S A BT OER fEALTEMEMIFET. & 7(b)BT7r N Fe-CP J¢ Fe-SDS-CP [#] EIS iffiZk, Fe-CP
HE EARBOR, AR A 3.2 Q em?, X R LA, BTEHMReEZ IR, 1M Fe-SDS-
CP B[R H AR /T Fe-CP, Ra N 1.3 Q cm?, HLfTEERE I B4t m . MR % E N Fe-CP
J% Fe-SDS-CP [¥) CV ik, Jf H o ir i s i 1) PR 2 SHEEEA T RS, SR Z H25(Ca), i3
— A AL A IS LTI BU(ECSA), ECSA = CalCs, Hf CaEXUZ L, 1M Co/2 R E L, X
T HLR— A 40 uF-cm 2 [11]. @il 7(c) %1€ 7(d)Fi, Fe-SDS-CP (1] Caq {8 N 7.67 mFlem?, i KT Fe-
CP [1) 1.83 mF/cm?, 115153 Fe-CP J Fe-SDS-CP #¥ /] ECSA 437l 191.8 1 45.8 cm?, X H] Fe-SDS-
CP ELA AHXS 2 G I (e A 77 () Bk S Ve T AR, A SR IRITE M T AR AT 52 % 55 22 OER V& 1A A

T2 HIH T AN F SR S MR IRAS B SCHERAG R S5 1 BAFRTE 5 23 Fe JE A AL AT a0 T EEEE L. WT LA
FE i, Fe-SDS-CP [Jid AL 5.0 (596 mV) i T-5B 4 CRIE 1 et Fe JEMAL, FRINHBAR T — L2 MR F
BRI et Fe B, MALTEMEGE . TFEUANIE, ASCHEFL H A R 505081 SDS. PVP. 1215-)i
T = RGO R B A A AR O TE S S OER VEREI 2R, ZEARIRI S B 264 T
Fe-SDS-CP ] OER ff:fedgef, LT PVP 1 1215 T4 i, H Fe-SDS-CP i& RN HH AR I i far 5 7% F
BELFIAS R R A 2T ME T AR, X 158 B SDS i ind i PRI PR T 48 it T AR A L TR USRI IR 2 44, Ik 4h, SDS
755 1) FeO(OH) ¥1(310) il I 12 35 A A mT e B AT B8 s 1) AL 2505 1 o IX 3L [ 93 T Fe-SDS-CP 2 55 58 £7%
PEAL R IR 3 FEL T A i

S
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Figure 7. The OER performance of iron-based hydroxide catalysts obtained by adding different surfactants; (a) LSV curve
graph; (b) EIS curve; (c) CV curve graph; and (d) Cai curve
7. FEREEMFIFMASHSKES S LB ILTIN OER MEE; (2) LSV &, (b)EIS #i%k, (c)CV HZER

(d) Car HhZ%

Table 2. The recently reported Fe-based catalysts for OER
5z 2. IEEAMRIERIAF OER HY Fe E L3I

AL FEL AR 710 (MV) Z2% R Ref.
Fe-SDS-CP 1.0 M KOH 596 KIAE
Fe-PVP-CP 1.0 M KOH 744 AT AE
Fe-1215-CP 1.0 M KOH 688 AT A
Fe-NiO/NiS: 1.0 M KOH 270 [11]
FeNiVOx-3 1.0 M KOH 270 [12]

Co-Ni-Fe-LDHs 1.0 M KOH 322 [13]
NiFe-CoTe 1.0 M KOH 321 [14]
Fe203-NPCs 1.0 M KOH 350 [15]
Fe/rGO 1.0 M KOH 768 [16]
FesOs@NC/rGO 1.0 M KOH 295 [17]
Fe-TA@CMS 1.0 M KOH 344 [18]
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