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The all-vanadium redox flow battery is an energy storage battery
used for large-scale electricity storage, but the electrolyte cost accounts
for more than 40 % of the total. If recycling business waste or extracting
vanadium from stone coal can effectively reduce the price of vanadium
electrolyte, some impurities may remain in the recycling process, and

long-term cycling will affect the performance of the battery.
The report describes project planning. Literature survey and

preliminary data analysis and discussion had been completed. It includes
analysis/test the performance of the active materials in vanadium flow
battery, testing and evaluation of electrode material, analysis of
commercial electrolyte, and effects of impurities additive in the electrolyte.
The results show most of the activities affected lightly but Fe and Si. Fe
was tested at positive electrolyte and Si occurred precipitation. The
harmful impurities of Fe, Ca, Mg, Ni, Al, Cu, K and Mn were tested by
charge-discharge single cell. The results show voltage efficiency were
decreasing but column efficiency were almost constant while increasing
Fe and Cu concentration. According to the results, Si, Fe, and Cu were
emergent impurities to be treated. The ions of iron and copper were
dissolved in electrolyte, except for silicon. The best removal methods
were electrochemical deposition method. The remove efficiency of Cu and
Fe were 95.8 % and 66%. The continued treatment process was
established, and the performance of after treatment electrolyte was better
than before treatment electrolyte.  With this report progress, 100% of the

planned goal has been reached.

Vil



T EACR
- SRR S
SRR R EARER AR kA F A ST E RehR R E R BT

e b R R BE S B B o 2 AR RS TR} TRER A

b3 2 AR S R e A 40%00 o Bp o 2 AYRILT
SR SRt A S S R T e

B A w Bl g R oo 2AVRIR R P R R b B AU

o

G BRAA A A RS A g S e e S P w3 5 A

~

Wb FRECE AL 0 DEURIET S DERF AN SR OEF &
fefllm Xehs TRt S A 40% 0 H[2] 0 2 TRk EEF 2
GO T A KR A Uk o TR AT B ACH R AR LA

X R fR 0 T R R A A S



=~ R B ot
(- )F i £i& 74 g %pr (hydrodesulfurization, HDS ) % & 4 4c &
5 7 (residual hydrodesulfurization, RDS ) #% &

e E WAL T REF BB I EE TR R AT A
B A4 HDS/RDS 4540 4 Bfi4l- HAi &80 5§ 14455 25~3
%~ & V40K T~13% § 1 4o8~12%11 % § 1L 4F 5 55~83% - 12
Yy U ERAR % B FRART R I P - (- )RR P 2 R TP 0
Fo R BT R B P B BB 4R R £ 15 0 F T00~900°C % B T R E
RBEFPEY 240 ey PR AT R ORE R L URRET R
AR VIARBEAMBN R SRIRARS CRAT FL vt &
2R TR Y R e r &IV AR R P g 1L T AR AR K
I B W T2 I AVER AR RIEN AR & V050 ZARTRBER T -
A w e E (L4 2R AoB] 1[3] e B iE T A B AR T
£ 99.5%¢ @ 0 1 F A (2001)[4] 7 L ez g e ] gt A SR
¢ 45 800°C F s E(S » W P F] 10.88 % V ~ 5.49 % Mo ~
2.03% Co~1.94%Ni~35.48 % cruz iflom 24l & 4c ~ 15% NaOH
%R (8 55 60 °C T 30 4 48 0 B Rdnd] & 50 °C T i g iRV
724%V~1.75% Mo £ 0.14%Al - jhir L L Fr: SCCH7 #F 3

fb‘év‘ﬂﬂa" o é—_lﬁ/&‘?ﬁ'g/l’z’ﬁ ]4‘1 NaOH %% ‘:'\'A}T“EW"% I



#3]79%V~033%Mo gz F G 50% ~ ez I F 5 80% o

AL BlACB] 2 AT e

(= )mid Ei S i WA

R AT EAEY 2 A TR E ZETR
e A EARE F R gy (TR > A4 A AT ARy e

T OB F AT B ko gt JAR T TR AR A R I
B3 200°C T % IM~14M £ KR E 4L PF > BB R T @ 4o
Fedeind f230 % K B SURts # mpRARRRIE AR 3 50°C > 45 14k
el f o 4R R BB~ Rk~ 52 18 B 200°C ~600°C
TAET ET F 0D g iARRACR 3[4] -

FE P w TR fR R AT R Jl AT A IR T E 132
EARR SEB R E T EFRWMN T F b R TR Ed 8 7
B RAIE PR R E R M2 EC R IR ES AU E B
Bergiph ¥ 43-13] o d 0§ M4 R POR IR B EART T R

SR T RATNF e A DR o hH AR

y.

6"34
6‘&\

\\

% f%

/zi*ﬂ-g*j“;"'%}ﬂ 17fé‘5\"‘ﬂ\mf°%ﬁ)*’u ;"E—?g:’g’,ﬂ';%ﬁ/&}ié}m

*’”?ﬁ'i‘f“ui’/ﬁ s g %KZ 1 E&]Kf"r‘( e 4 D EYR

NS

— g - o R[14] -



JE AR — R A W —— | FE| —— | BR e
7% &
16 4.8 §L4§35¥
T 43

W | —— | e —

|

A48 A

Vzos D *%J;}%

Bl 1~ &adp s B SRw AR A 3]

15% NaOH
JERRE — |3 —— | 2% ] i - Bk R AP
60°C/30 min @ 5[(?
L S

B 2~ e § F AN B FRALT foAe s [4]

ok

B —— | R SRLBR 4% Bk ——| Kk

@ 200°C

BB —

LA B — BB |—— ¥
@ 200°C~ 600°C

Bl 3 i 4 ok 2 R AR A 4]



YpAT g g 2 B S m ENE S P A )

i%ﬁ?%ﬁ%ﬁﬁ&wﬁiﬁiﬁiﬁiﬂ@%ﬁ?ﬁﬁéﬁ%&%?
B 9]‘4‘1 %&f"‘:b ﬁ*/xi’ 4 /ﬂ\’}ff ﬁ 'F ’ fJ"lﬁ' i/‘é”ri*’” ’F\?«”‘ * /}E}i
EF AR TR 2 ERARF TR REE TSRS, 2
Mt PR Lre sl TERV A - R IEZ TR
ﬁ%?é%’é%*%é%%ﬁﬁnﬁiﬁﬁ‘Wﬁ%i%ﬁi%ﬁ
FRZIERMNT » PRI 2 By e

SRR A A
L LR 0 FHRARLE B R RMA BB 4 2R/ 5T e



c FREETH « EMERR R
Z B . BEF XA
« DR EFERE BE
HREEITE .« TUERE
R UEN « K EMFE
s Rz B
FRITETH
B

/]

B 4~ F %470

cEEME S
M A2 A3 3L
R E
PR A2 R 32 30
- BRRAE
2R

g RE
fFE I

EMEYVE

ol e

B 5 J2ALR 1E 2 LA B

r——




RER N L

- CRARH RS TSRS

( ) i mEc f”lrr}#’”?ﬁ;& ILE?E;z;K‘?\‘/}ié%A*%ﬁE}%

PR R R ARIT A B e RS 2 - 4 Lk

T 24upin T B [15] - Ding % £ (2019)[1613F+4 1 7 & 5 1
ERARIE (7 AR K% 2 A4 Fe(lD¥HD BT 2R P 8 B2 K
¥ Fe(l)ik & % ** 0.0196 M 4 » V(IV) g4 % 8 § /£(2.06~3.33)
x106 cm? s7' "% % (1.78~2.88) x106 cm? s » ¢ {F a4+ & E 5 £ (B
6) FRIBRIERPMIEM - - THFTFETHEMR 7)o

| —a— 0 mol I-!
2 —e— 0.00893 mol I'!
[ | 3 —— 0.0161 mol I"!
0.06 || 4 —— 0.0196 mol I!
L | 5 —s— 0.0232 mol I}
0.04 6 0.0286 mol I"!

0.08 -

0.02 |-

o
—T

current density (A cm™2)

0 02 04 06 08 1.0 1.2 1.4 1.6 1.8
potential/V versus SCE

Bl 6~ 7 b Fe(lll)3= ik & $VIV)E E [16]



= blank
1.7 k| * with 0.0196 mol I-! Fe(Ill)
+ with 0.0286 mol 1-! Fe(III)
1.6
1.5 F
> 14f
&
= 13f
1.2 |
1.1}
1.0
i
09 1 1 1 1 " 1 1 " 1 1 1 .| 1
0 0.1 02 03 04 05 06 07 08 09 1.0 1.1 12

capacity (Ah)

S

B 7~ 3 FFe(ID#+ kA& $ 24w iR T F £ 8 5F([16]

Park % 4 (2018)[17]34 % 1 A f 438 B & 1 V,05 7 &5 ¢ &
Li*, Na*, K*, Mg*, Cr**, Mn?', Fe*'/F**, Co*", Ni**, Cu**, Zn*'§= Mo®"
fons & 5 A4 FHI - BTERET A LA BBEC-R 82 R/ 997
AEAR D) AT EF N 02em’ & 3em® £ 54 WL TR
BT Ag/AgCl s 53 R REFHRRZZ R - S5
AR T ER(V/VHRE
(VENOYT faie - B9 g3 5 e R VRFB it > 515 U €

Pt ET ER

L fRE Y DVIVIE R T g0 3 VRFB i T ded
FEEF VY BB ERERM S SR BT A EREE
7S fesg I Rl gug VYVIE R £ HE NICl ek &

0.1 Mo £33 & i<k R T (0.005M) )j}g SRR A SRR
FREFTBAIIER -G & BFTEREHE VT Y §



o~ r r
£ 60| —— Blank ) NE 80 | Blank
s —— 0.005M LiC! o —— 0.005M NaCl
40| —— 0.01M LiCI < 40 | —— 0.01MNaCl
E 0.02M LiCl BT 0.02M NaCl
> 20| — 005MLCI > _ | —— 0.05M NaCl
= — 0.1MLICI =20 — 0.1MNaCl
[ 0! s
8 |
8 0+
E 20| 5 t
§ LiCl 820 | NaCl
3 .40 ¢ =1
| 0, A e : |
04 0.6 0.8 1.0 12 14 0.4 06 0.8 1.0 1.2 14
Applied potential vs. Ag/AgCI /| V Applied potential vs. Ag/AgCI/ V
o~ — Blank
i [
L 60| — Biank |l
k5 —— 0.005M —— 0.01M
40} —— 001M E 40 | :
B ooz O et
= — 0.05M .
22 o 220 — oM
2 2
0 0
é 20 é 20
; £-20 |
: KCl | g MgCl,
O 40 540
(3]
04 06 08 10 12 14 04 0.6 08 10 1.2 14
Applied potential vs. Ag/AgCl / V Applied potential vs. Ag/AgCI/ V

B 8~ Tk R 2 A 45LIT~ Na' ~ K~ Mg?* & 4+ 1 b 1R 4T f2
it 2 5 [A7]

NE 0| — Blank NE
o —— 0.005M LiCI E 0| — Biank
< e 0.01M LICI 25| — ooosmnac
E . 0.02M LiCI [ —_ gg;::
- —— 0.05M LiCI = 0
% — 0.IM LiCl %’ &= g?MW
[ c e ().
L &
t " €
g Li CI £ N aCI
5 40 5
[3)
o " i i " J -
40 08 08 04 02 00 1.0 08 06 04 02 0.0
Applied potential vs. Ag/AgCI IV Applied potential vs. Ag/AgCI /V
20 | —— Blank 201 — Blank
—— 0.005M 10| — 0.005M
10— 0.01M — 0.01M
0.02M 0
0} — 0.05M —— 0.05M
— 0.1M — 0.1M

Current Density / mA/cm?
a

Current Density / mA/cm?
=]

-20 -20

» ko B MgCl,

-40 -40

40 08 06 04 D02 00 40 08 06 D4 02 00
Applied potential vs. Ag/AgCl | V Applied potential vs. Ag/AgCl / V

Bl 9>~ iR KRE 2 24700 > Na" ~ K" » Mg? % 353 4t § R4~T 2
R B A [AT]



12 R TR R 2 R L]

Species Concentration / M Effect on vanadium reactions
Lit 0.005 Retarding the kinetics of the V2t/V3 redox reaction
Na* - Negligible effect
K* 0.05 Decreasing the diffusion rate of V3t jons
Mg+ - Negligible effect
Ccrit 0.005 Retarding the kinetics of the V2+/V3 redox reaction and decreasing the diffusion rate of V3t ions
Mn?* 0.02 Decreasing the diffusion rate of V3* ions
Fe?*/Fe*t 0.05 Decreasing the diffusion rate of V3 ions
Co?* 0.05 Decreasing the diffusion rate of V3t ions
NiZ+ 0.005 Retarding the kinetics of the V2+/V3+ redox reaction and Hy evolution
Cu?t 0.001 Sedimentation in the negative electrolyte
In*t 0.10 Decreasing the diffusion rate of V3* ions
Mo®+ 0.001 Sedimentation in both the positive and negative electrolytes
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B Y IR LA T Sumitomo Electric Industries
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