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ABSTRACT

In this paper, Preparation of high concentrated electrolyte, rapid analy-
sis of electrolyte, CTAB as stabilizer to electrolyte were studied. The accu-
rate information on vanadium(IV) species, made it possible to understand
activity and reversibility of the electrochemical reaction of V(IV)/V (V)
positive electrolyte in the vanadium redox battery. The main points can be
summarized as following.

The electrolytes whichcomposed of 1. 6~4. 0 mol » L™' total vanadium

! sulphuric acid were prepared by mix-

concentration and 2. 0~6. 0 mol » L
ing sulphuric acid and vanadium pentoxide at 235 °C for 4 h. The method
struggles against the limitation of low vanadium concentration of chemical
method. The production that doesn't adhibit impurity, featares high activity
and low cost. The yield of electrolyte can be increased by scale-up.

After UV—visiblespecu:a study of various vanadium valence solutions,
linearity region of V(IID /V(IV) system was obtained. When V(1I) /V(IID)
or V(IV) /V(V) system is treated by standard V(IV) or V(III) solution,
we can achieve the analysis of being auto-sort and rapid analysis of all kinds
of the electrolyte Cincluding total vanadium concentration and the valence
state analysis).

Hexadecyl trimethyl ammonium bromide (CTAB) was used as the addi-

tive in electrolyte for Vanadium Redox flow Battery. Its stability and elec-
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trochemical performance were investigated by UV-visible Absorption Spec-
trophotometry, Scanning Electron Microscope (SEM), Square Wave Volta-
mmetry(SWV), Cyclic Voltammetry (CV) and Examination of Stabiliza-
tion. The results showed that the quaternary ammonium headgroups of
CTAB micelles interacting with V(V) ions in electrolyte prevents pentava-
lent vanadium from further polymerization which leads to a good suppression
of the crystallization. The stable hemispherical particles forming at the
graphite-liquid interface catalyze the redox reaction of V(IV)/V(V), which
is called Micellar catalysis. EIS and Charge-discharge tests showed that
adding of CT AB makes charge transfer resistance much smaller, and doubles
double-layer capacitance, so that the electrochemical reaction activity of the
clectrolyte improved. The result is consistent with CTAB micellar catalysis.

The aquaoxovanadium(IV) ion in concentrated H, SO, media was found
to give soluble [ VO(SO,) (H,0), ] » H,O group and its dimer, [ VO(H,
0)5 ], (u—S0;),. Their formation mechanisms were investigated by UV-
visible spectra, Raman spectroscope, X-ray diffraction, cyclic voltammetry
and Electrochemical Impedance Spectrum. A new weak absorption spectrum
in the visible region characterized by two transitions (671. 5 and 820 nm)
for [VO(SO,) (H,O), | = H,Ois recorded. Instead of an equatorial water
oxygen in [ VO(H,0); ]SO, by a sulfate oxygen causes an increased devia-
tion from the near ctentrosymmetry of the octahedral complexes. And the
spectrum disappears because of the formed dimer. In contrast to the [ VO
(SO, (H,0), ] » H,O, one more equatorial sulfate oxygen exists in the di-

mer. It shows symmetrical structure, which correlates very well with non-
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activity in UV-visible spectroscopy. [ VO(SO,) (H,0),] « H, O (Minas-
ragrite, syn) is the main component of crystals from the supersaturated so-
lution of VOSO, in 1 M sulfuric acid, while [ VO(H, 0); ], (x— SO, ),
(Vanadyl Sulfate Hydrate) is in 12M sulphuric acid, which was worked out
by X-ray diffraction. Raman spectra of the crystals show relative intensities
of Raman bands at 1001. 4 cm™'in 12 M sulfuric acid doubled that at 972. 2

"in 1 M sulphuric acid, which indicates the amount of V-O-S linkage in

cm
the complexes from 12 M sulphuric acid doubles that in 1 M sulphuric acid as
well. A solution of vanadium(IV) (0. 05 M) in 12 M H, S0, exhibits a re-
versible redox behavior near 1. 14 V (vs. SCE) on carbon paper electrode,
it’s another evidence for the new soluble species of the aquaoxovanadium
(IV) ion. The relationship between chemical species in solution and electro-

chemical activity of vanadium(1V) will lead to the optimum design of electro-

lyte performance for Vanadium Redox Flow Battery.



1.2 A SR TR v eeeeee e

1.3 2BEALETEIEFLELIL  --eonrorses rnsnvonsnsnn sonasssansussnsoonsanas
1.3. 1 AL B T L R BB wovveeme e eee e e e e

1. 3. 2 AR FRA L M i 454 -

1.3. 3 4B AL IR IR T U (A (5 eeveeomn oo emeneneenn e e e
1. 3. A4 SR AT JECTR T LML R I e eee e eeeeeeenes e e eeen
1,4 ERI AR B BRI  sosvsoves svs sonmenmes ses sssmsswas wus sravonss sss
1.5 4R Y3 B I 75 L T 4 B AT o vveveeveemmeeememnenn e ne e
1.5, 1 HLARIRE (R 25 T HE wvvvemvmnnenenensmencrnseeaesaeeeee e e
1. 5.2 BLABIE QAR AL ~+-vveveemremmemmemneness crn s enn ce eanen en e
1. BT R e O TS TR o comccon-em s s S v B R

%—:E %ﬁﬁmﬁjg.......

8. 1 BEBPEEIR: sonos sun swnivonsns ssuesiosn ankasnigsaans Sovmes sThossseon seamsnes sus
2 1§ SRR ETRERL. o sowesanssoxmes s gammesmes uyy susiss svp e
1, 0 SEIB AN o inste ammvmnseomme 2480 05556 50040 S AT B Sk 555
2.1.3 HURBIE GBI 45 oevve e veernr i eesses cnceeves st e et e e
B, 53 RN 5o crone rovasareves ool a8 S wt
% 1.5 PEFRIRZEGUEL «ovsrvmmnsieneenssosuenns suvnsssnsessarssamnsonsans

13
13
15
16

- 18

19
19
19
19
20
21



NN SR

2. 2.4 XRD 7 5 46 i

LR L R R BB SP AT - vvoeeeorvremnemrneeenneenieenens

3.1, 2 BESRIRIEI 28 cv e oo enenne s

3. 1.3 BER DI B OPT ILYERERY I -wemvecmsions aossunicas svassaicnn ais ven
3 3 GREBLESHIE vy cxnsnionsare satssmmnees sebnsnunubios sikidnks ssearaner paurs
321 S PR 1 B BLHCEE R AT oo
3.2, 2 VUFE 1 ER 2R 00 AR BT HE RV AN oo
3.2.3 "MK I R EEFIBE A AP BT cvvvveerveemneeneenees
Bl 3 AR a0 e s e B AT
CTABYE LSt B AR A RN F BT oo ovv oo vermvemnmeneennns
g, T BRIEREER: covnmmnssonsommenenonssssmeossine euanhs S A s AR T S
4.1.1 SEBIE A B ARBGE SR v ooevrrennomenessiioresenraninnaiiaonans
&, 17 BB TR S o smmnonnsis s om st st w8 AN AR SRR ANSS S H8545
B L, 5 JEERGREE vwrrrrrosrarsen soplooBa b bl kS TR < i
4.1, 4 BHRTL I TEFED: vooneves vonsvardoisis sev siviees 2ot bigonmens ssmnn
4, 1.5 HEALARRE R MUIA svmonse s osn soivn sax s dhsvuinns wes wpaes swn ssarsss
4. 2 BB TP <o+ sevsssmarassscsaravasasy sanssdaasans bepwissin onkeatines 8% si%i693
A, 2.1 SR TLIEAGHU -vveevveorennemrenenrnemveoneenssnennecniannens

22
22
22

22

erene 23

24

<« 25

-+ 25

- 26

26
26

e 26

30

3l

. 32

33
34
34
34
34
34
35
36

36



g8 =%

$h

.3 K ) SEM
§ V(IV)E‘]%%}R‘]’E@Q#EE&M%M

5.
5.
9.
5.
5.
5.

1%
1.
1.

1

¥

1

3 UV-Visible FREPMEE ~vumswossrmssons sssssmmssyss svonensvosns
48

5 XRD il i

B Reannan FBEEPNEE sox cvvruons san snvivasrons samnanpomms s asaiven.ons
5.2, 1 TIV-Visible FEBUIL v vnr sue somavsonnsessevavnons sssivononssas

5.2.4 XRD il

509, B Raniigin JETRMMER w~swsvis svsmspmipsanans saaiupos assaonsssaonsns
5.3.1 PUHTBLIL A WD B0 55 H T AL BB BFGE oo oo oo oo
5.3.2 "I HL BT AE TR e veveonereneree oo mrnneee e e

5.3 1

38

-+ 39

40
41
42
14
44

46

- 47

47
47
47
48

48
48
48
56

56

«« 58

59
61
61
63
64



o« 4 .

NEBMNNAESHR

ERE

6.3 T AL R EL A A 5 HA <o veevre e

S A R M BE AR AL G A - v e ev oo e een en e e e

6. 4 B A TR EE A PR O FH oo verere e e

6. 5 AL AL JEHEL L B SEBRAT IS <oveoereemnecinenisnnnesaesee e cre

FLtE

6.
6.
6.
6.

&
5

(2]

5

.1@ﬁmﬁmnm“m“m“m“m“mnm”mum“m”m”
_2ﬁﬁ““m"m“m_mnm“m“m“m"m“mm"mm

.3%ﬁﬂ$um”m”mum“m”m”m”mnm“m“m“m

_4%m.m”m”m“m”m“m“m“m“m“m”m“m”“

6 AR LS T8 75 BB, v o esvvaes wes sonmannut sisnns dnsranes

6. 6. 1 BRAABIHHIGEFE -oeeever e

6. 6.4 XRD ¥l & f7 S8 L
5jw$ﬁﬁ@ﬂ@§ﬂj“@§.m”m“m”mnm“m“m”m“m”"

]ﬁm*ﬁuﬁgggmuﬂmmﬁi“m“m“mm"m“m"mm
T SRR vovvve e re e et e e e

i
7.

7.

1
1
1

V3RS A BMWNT-GPE S BRAH G e

65
67
68
69

71

e 72

12
74
75
76
78
78
80

80

- 81

82
84
85
85

86

86
87

e 87

87



gN

FAh

7.2

7.3

=
8.1

8.2

8.3

-3

=

9:1

ZEBLIT I oovoss sononasnn arnssnnnesas asssserensss sonsraiosses sosisss sis sus oss

88

7.2.1 AR HBIBAKE-ARBESHEET VO /VO,, B0

7.2.2 NE LLBIRAKE A BESBRHEX VEN/ VR -

7.2.3 MWNT-GP & & B Kt

A

BB EETTIRAL - v oo oovoerereesssnssmsnenasssossnonsonenasans
ok 74 SRR S ——————
2.7.7 ERERBSTEIIL. onsssnsrovoxarsressamnnassve sasnsslshiied 453
TRIEY 1 BT TICT T e ——————
8.1.3 B BILIR A AR IR soonvases cvs senmsssresnsuvnnsrons sis

8. 1.4 AR LWL -

8. 2. 1 £ B AL A X G R o A o A RO oo
8. 2.2 47 B FE X B H AR P AL 2 P R oo
8. 2.3 AEAL TR XS BB Mo At A PE BRI oo
R ST SRS RRR S S
TR R SR AR BE QARG oo e oo oen
g‘ggﬁ%ﬁﬁ
9.7, 1 BEIO RIS B wosomnsnisunmnanrmmpnenienons seuvsansmssnass
9. 1.2 ZCIR{YBE  crvvrerrnnnnnnn e et et eeeee e e e se e s e
9.1.3 BEALEHEBABBIEE  wvvevees cvamvssons s soomseunsass
9. 1. 4 FEFRARZHMR v vvmmermenmrmmmmsmeeenmnmee e e erene e e

R R Y3 ¥ =

96

102

103

104

104

105

105

- 105

106

- 106

106

109

111

114

115

116

116

117

117

117



NBHLANESHR

B

9%

9.

9

9.
8.
9.
9.

9.3 45

1.

1

2.
s 2s

2

.6 FEHCAB YL ooeeeeees
A PEIR L WM e

118

- 118

118

118

119

i)

119

121

122

- 124

« 126

128
129
131

135



BB I A5 B2t R 4% Il 8 2 i X A — KO . B TR R R 2B
SRR K R BEUR BRI AR R B P H R R R o E
WA AT TR REMARAEF/KFRSORS. ANKiZE . a
R V5K 22 A 38 T A RBEA ) XU RE L K BH B S5 AT A= 10 0 B TR, % iR
A0 Al YR AL R A R A, VR 2 R ) B RS A L i e T A AR R A fE R
HERE b BIE o8 0 b i O B 2 B AL A BB R R R fiE TR BE O B9 4K B 2
AR EE R EAEARR, HRIEREEREF T FELEASA
HEEX. NﬁEJ(I‘Uﬁ'é%ﬂﬁétﬁﬁﬁﬁéﬁ&ﬁﬁxi‘é%m*&ﬁﬂ@
R Ao H I, 00 AU BB R TR A S R B R R G AR R AR A KL Y
v, B8 7 0 e ) £ A TG R KCRE 5 T NG R R AL R L E DL AR TS R
HL A B e B, A AR R i AR AR I ROCR T, S0 B 2 L RS 1Y R AR A i L o
S % Jey 8 L 0 7 A i i 5 | A B R B PSR . B E AT b ik, AT
UL TF R T R AR L T 4l B G R 2 BB K

Y PRk RE AT 4% K il BE TR 4 25 SURE RE . 3 1 7°f % B R 8 ML K L B
BERBORR AR SR K BT RMK. BEAGENS ., 2K )R
FR A AR K, — Wk Pk B WE 2 AR . o7 i B 2 60 45 4% i ik AIE HL Wt A0 AT
FEA SRRt (RFC) o |y T R LA A S0 A 1 X LA 52 B0, RORE o L 1 A%
0 5 BB A B e v R R AR 2 30 ~40 %, A B A 7Rl K R A A BE R
Gt . Gl e rb el T B el L BR EH T AE T AR T T B A A
Yl /N T B SR R B AR M AR SR N BT TR R e LK



