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Мѝ  

Ὼדү ы ԏ ϩ ᾼ ≡ ϱсȲⱢ ═

ᾼׄứἤ ׄԓȲ ȳ‹ Ṗȳ

ғӣȴԓ ☼ ᴃ(VRFB, vanadium redox flow battery)╥ӭ›֯Є

₤ ᶾ М(MWѿϱ)ѩ כ ṳѹ   (ѿϱד5)

ᾼ Ṇ ȴ Ṇ М Ӑכ Ȳ╥ӑẃ ḟ

ᾼ ȴӐ ҏ Ӱо ᾬἨӦḡᶰVRFB М

Ȳן֫ ᵅ ṿӣȴ ᴷо ᾎ

о ᾎẒ ȴ Ϛד ⅍ ן֫ ч ₤Ȳ

ϡד ֥ ἬԚ֝שׁ ᴩ ן֫ ȴӐה ᵫ Ὑ

Ϛד ᴩв ȴӐ Џᵂ Ὠ ӱӦכӐ ᴕ ṿ

ӣ2.0 M Х оϡ ╥ Ṿᾼ ȴ ∟ᾼ Ҡӣ

ӧ Ἠ╥ ȴӧ ן֫ Ӑכ ᵅȲᵀ╥ᴕ ӧ

∟ о Ȳ ―ȴ ṿӣứ

☼ ứ Ҡѿ ᾼ ạ ’ ᴃ ȴ ᴃ

ѿ Ȳן֫ ᴃ҉Ὅ Ở ⱢᵅȴῴḔ ứҠ

╥ М  ȴכ

 

 

 

 

 

ֿȸԛӢ ȳԓ ☼ ᴃȳ ԛᵓӣ  
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ABSTRACT 

In recent years, Taiwan's solar photovoltaic and wind power 

installed capacity increased dramatically. In order to maintain the 

stability and safety of the power grid, there is a need for storage 

equipment to regulating, load leveling, power management. Vanadium 

redox flow battery (VRFB) is a verified storage system for large energy 

storage (MW above) and long-term operation (more than 5 years). The 

high cost of electrolyte in the storage system is a problem needed to be 

solved in the future development. The project proposed a recycle of 

vanadium from the waste of steel industries and from petrochemical 

industries or recycling of VRFB electrolyte, to produce low-cost 

electrolyte for the VRFB storage system. This project will evaluate both 

chemical reduction and electrochemical reduction methods. Project goal 

of first year is to develop laboratory recycling processes and prototype 

reactors. Second year of this project will be collaborate with INER 

(Institute of Nuclear Energy Research) and recycling manufacturers to 

develop a vanadium recovery business model. The current work results 

show that considering the cost and process complexity using 2.0 M 

sulfuric acid dissolved vanadium pentoxide powder is the better choice. 

Dissolved vanadium solution can be chemically reduced by methanol or 

electrolytic reduction. Methanol reduction has lower raw material costs 

than electrolytic reduction. However, consider the follow-up electrolyte 

purification process of methanol reduction process, the electrolytic 

reduction process is relatively simple. Electrolysis process using constant 

current follow constant voltage can account for the rate of electrolytic 

control and protection of battery structure. The battery charging and 

discharging performance using electrolyte recovery by electrolysis is 

lower than the battery performance using original electrolyte. Impurities 

existed in the electrolyte recovery by electrolysis may causes low battery 

performance. 

 

 

 

 

 

 

Keywords: storage for renewable energies, vanadium redox flow battery, 

electrolyte recycle and reuse 
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ȳ ӭᾼ 

Ϛȳׁשṅ ￼  

Ӱо Ҕ╗ ȳӰᾒȳщ ╥ϫϟȳϡϫѷּנѻ ᾼ

ẃ ȴ҃ ᾼṿӣ Єכ Мϡ о ᵶ ≡ ᾼ с ԓ о

ᾼ ⅍ ȴױҵһ ᾼ צ Ȳ ᴷһ ֯Ӑѷּנ

◔ ȴ ᾼ ᾼṿӣБ╥ᵌЛ ᾼṶȴԛӢ

Ҕ╗ы ȳ ╥ӑẃ ᾼ׀ ȴ ṷ Лᵀ╥ḥ

צ Ӱоצ Ἤ ᾼכ ⅍ ṳѹẃ Л ѽȴ ᴖ ṷ

ᾼ Ӣ ҳủ ȳ  ȳѡҏȳѡ Єᾼ−צ Ԇȴ

ṷԛӢ Ṇ Ҡѿ Ṇ׀ ֵ ᾼ ׀ ẃȲ

ԛ ҏȴӑẃү ∂ 20 GW ᾼԛӢ ȴ ṷԛ

Ӣ ἤ ѿц ȴᵡ⁄ү

ắẞ Єᾼ ȴ 

 

 1ȳ о Ṇ  

* о Ṇ ᾼғӣ֝Ѭ Ȳ о Ԇ−Єᾼ Ӧ о ᴃ

(Redox Flow Battery) оכ ׀ ẃȴRedox ᴃԛṼ о

כ ҏȴ 
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ϡȳ о Ṇ  

Ṇ ֵצ ᶮ Ȳ ṓᾼ╥Ѭ Ἴ ȴһ ֵ ֵ

ѬӦϯ ẞϱ Ѭ Ȳѿᴯ ᾼѠה ȴ׀ Ȳϱ

ᾼѬ☼ ȴ Ṇ ắẞ֮ ᾼ ạȲ

Ѭ ᾼ∂ Ӣ Ḃ −ЄȴױҵȲѬ Ἴ

⇔ ᾼᵅȴ ЄᾼѬ ϱϯᴃ И Ҡӣᾼ׀ ȴ

ϡ҉װὍ ᴃ ╥ṿӣ ᾼЊ₤ ȴһהѠ׀

Ӧ о ч оכ ׀ ẃȲ ԛѿ Ὅ

ҏȴһᾼ ӣҔ╗֢ І ₇ᾼ (~ 1 Wh)ȳЛ Ṇ (~ 

kWh)ȳ ӣ ϩ(~ kWh)ȴ ᴖ Ѡהѩ ӣὑЊ ᾼ

ȴ 

 

о ᴃ(Redox Flow Battery)ᾼғӣֽ֝ϡװ ᴃȲһ

Ӧ о ч оכ ׀ ẃȲ ԛѿ Ὅҏȴ

һ ὑϡװ ᴃᾼ֮Ѡ╥һᾼ Ɏֽ֝ ᴃɏӐṝ ᵂ

оӣȲЛ ч Ȳч ᾬӦҵ Ϥ ᴃ оכ ᾬȲ ᾬ

ὑ׀ ᴃҵ ȴ о ᴃ Ṇ ᾼғӣ֝Ѭ Ȳ о Ԇ

−Єᾼ ϩ ы Ἤ Ӣᾼ Ӧ о ᴃ(Redox Flow 

Battery) оכ ׀ ẃȴ о ᴃԛṼ о

כ ҏȴ 
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 2ȳ о Ṇ ȴ 

 

Ϯȳ о ᴃᾼ  

Мᾼ о ᴃצ [1]Ȳ҃ Ҕ╗ȸɎ1ɏ /polysulphideȳ

Ɏ2ɏ / ȳɎ3ɏ / ȳɎ4ɏ / Іӻ ȳɎ5ɏ /

Іӻ ȳɎ6ɏ / о ᴃȴ ṷ ᴃМѿ / о

ᴃ(VRFB, vanadium redox flow battery)ᾼ Ɫכ ȴһ֯

Ὅ ȲӔ Х ᾼ ІɎVO2
+ɏ ҳכ ᾼ ІɎVO2+ɏȲ

⁄ ϡ ᾼ ІɎV2+ɏ оכϮ ᾼ ІɎV3+ɏȴһ֯

҉ ᾼч (1)הчȴדֻ⌂ /Ӕ╥(2)ה ᾼ о ч ȴ 

 Ӕ ч ȸ OHVOeHVO 2

2

2 2 +Ú++ +=++
     

(1) 

 ч ȸ -++ +Ú eVV 32          

(2) 

Ὅ ֯Ӕ МȲVO2
+ Іᾼ ⇔ ᵅᴖ

VO2+ Іᾼ ⇔ ὡ ȴ֯ МȲV2+ Іᾼ

⇔ ᵅ V3+ Іᾼ ⇔ ὡ ȴ֯҉ Ȳϱ ᾼ ч

 

 

 

Ӕ  

 

 

ԛӢ

Ȳы

ᴃȳ ϩ  

ῂ ӣ

љ 
ȲDC/AC

 

 

Ӕ
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Ӣȴ ᴃצ ὑϡ҉װὍ ᴃ Єᾼ֮Ѡ╥һᾼ҉Ὅ ғ

Ẓ ғ Ҡѿἒױ Ӵ ȲЛ ϡװ ᴃ҉Ὅ ғ

ᴖ ȴ о ᴃ҉Ὅ ғ ᴃӐ ᾼЄЊצ

Ȳһ҉Ὅ ᾼ  ᾼЄЊצ ȴ 

 

ҳȳ ᴃ VRB Ṇ ѩ  

ᴃ╥ ֯ цᾼ о Ṇ ȴһӣὑṞ ᾼ ȳ

ὙȲἨ῏╥ ȳ  ȳ Є ȳ ֮үᾼЛ Ṇ ȴ

֯҉Ὅ Ȳ Ӑṝ оȴὍ Ȳ (Pb) כ

(PbSO4)Ȳ о (PbO2) оכ (PbSO4)ȴ҉ Ȳ

Ӧ иᵑ оכ о ȴVRBṆ ֪ Ӑṝ֯҉Ὅ Ȳ

כ Л оȲ֪ױ Ễ ѩ ᴃ ȴ 3╥ VRB

Ṇ ᴃ֯כӐ ϱᾼѩ ȴῴ Ӑϱכ

VRBṆ ѩ ᴃ Ȳ ᴖ֪  Ễ ᵅ ᵂ/  ӐȲכ

ϯ VRB Ṇ ᾼ Ӑכ ѩ ᴃ ᵅȴVRB צ ậ҅

Ԍ ᴃᾼ ӣӀ ȲẂֽ֯  ȳ Є ȳ ֮үᾼ

Л Ṇ Ἠ῏╥ы ᴃȳ ᾼ ӂ (load leveling)

ӣ ϱȴ 

 

 3ȳVRB Ṇ ᴃ֯כӐ ϱᾼѩ [2]ȴ 
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ῶ 1 ѩ VRB Ṇ ᴃ֯ ғ ϱᾼ [2]ȴ

VRB ᾼ (3,833 liter)ѩ ᴃ(1,415 liter) ЄȴVRB ᾼ

(3,178 kg)Ϸѩ ᴃ(1,180 kg) ȴᵀ╥ ϱȲVRB ᾼ

75% ѩ ᴃᾼ 45% − ȴֵVRBᾼ҉Ὅ Ễ ѿϱȲװ10,00

Ϸѩ ᴃᾼ װ1,500 ȴ 

 

ῶ 1ȳVRB Ṇ ᴃ֯ ғ ϱᾼѩ [2] 

 

 

ХȳVRFB о ᴃ 

VRFB ᴃ֯ԓ צ ֵЄ₤ ӱ ғᾼכ ẂȲ

һ ὑϡװ ᴃ( ᴃȳ ᴃȳ ᴃ) ȳ ȳ

Ὲ ȳѬ Ἴ ᶾ ᾼϚ ȴ ᴃБ Ởצ

ֵ ӱ ᾼ Ẃȴ ҟ вᾼ Ṇ ṅѻשׁ ὑЊ₤
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ᾼ ᴃ ᴃᴖ ю ὑ о ᴃᾼׁש ȴ ҵ

VRFB ᴃᾼӱ Ẃצ ֵԈȴẂֽȲ֯ ☺ ∂ד2004

1.1 kWы ԏ /1 kW ϩ/1 kW VRB ᴃᾼ / Ṇ [3]ȴ

Ғ Є VRB PowerеҨ[4]Б֯ԓ 12 ֮ ѿ VRFB ᴃᵂⱢы

ԏ ȳ ϩ ᾼ ἨᵂⱢ Є ᾼ ӣ ϩȴּר

א҃ Ӵ 250 kWȲҠ ׀ 2,000 kWhᾼ VRB ᴃᵂⱢ׆ /

ӂ [5]ȴѡӐᴰצеҨ֯ ∟Ԓד2000 Ӵ 6 Л֝ᾼ

VRB ᴃṆ ֯ Є [6]ȴ 6 ᾼ иᵑ╥ 450 kW/2hȳ

100 kW/8hȳ200 kW/8hȳ170 kW/6hȳ3MW/1.5s 1.5MW/1hȳ30 kW/8hȴ

ҵѡӐױ Ғ Є VRB Power֥ ᵂ֯ כᶙד2007 32MW ϩ

4MW/1.5h(׆ ғ  6MW)ᾼ VRB ᴃȴ 3╥ ϩ

/ ᴃᾼӱ ȴӭ›Ɏ2009דɏМ БכӴ ȳדּ

VRFBּדᶾеҨȴᴰх Џὑ ֯ד2012 еҨ (Yokohama)∂

1 MW/5 MWhᾼ VRFB Ṇ [7]ȴ Ṇ ֥ 200 kW

₤ы ԏ (CPVȲConcentrating photovoltaic) ӣȴ

֥ Џ ᾼщ ϚẆ ẁ Ἤ ϩȴѡӐҖ

ϩ ד ∂ȲD х Џὑ ֯ד2016 ∂ 15 MW/60 MWh

ᾼ VRFB ȴӭ›ԓ Бצ MW ӱ ѿϱᾼד5

VRFB ╟ȴү Џ ᶾ ṅשׁ ȳ ṅἬȳүשׁ שׁ֥

ṅἬϷὑῺ᷾דϤד ᾼᶾ ȴӭ›ү Бצ ϩ ȳ∂

10 kWhѿϱᾼ VRFB ╟ȲϷצϚṷ Ở᷾Ϥ Ѡ ᾼׁש

ȴ ӑẃ оᾼҠ Ȳ ☼ ᴃᾼכӐ Ϸ Ở

Ϥᾼ ᴷ[8,9]ȴ 
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 4ȳ֯ѡӐSapporo ∂Ӵ32MW ϩ ȴ 

ṿӣ ғ 4 MWȳ1.5 h׆ ғ Ɫ6 MWᾼVRB ᴃẃӂ

ҏ ȴ 

 

 

 5ȳᴰх Џ֯ (Yokohama Works)∂ 1 MW/5 MWhᾼVRFB Ṇ

[7]ȴ 
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гȳ Ṇ  Ӑиέכ

Ӧὑׄԓ⇔ ȳ ὔȲԓ о ☼ ᴃ (VRFB, 

vanadium redox flow battery)ӭ›Б ₤ⱢЄכ ᴃᾼ ȴ

֯Є₤ ╟ Ԉ Ϡׄԓȳ ὔПҵȲᵅ Ӑכ

($/cycle/kWh)Ϸ╥ ᾼḟứ֪ ȴᴕ VRFB Ṇ М֢

Ḋ ӐȲᵶכ Іᾼ ╥ѻ ӐПϚȴכ ṷḊ Ӑכ

ᵅ╥ӑẃ VRFB֯ Ӏ כ ᾼḟứ֪ ȴῶ 2╥

☼ ᴃ֢ ԈᾼכӐиέԝῶ[10]ȴӦῶМּמᴥ Ҡכҏ ╥

Ṇ М∂ דӐכ ᾼи ȴӭ› ҠӦ Ӱо

ᾬἨӦḡᶰ VRFB М ҠЄױȴֽן֫ ϯ

и׀ ᾼכӐȴ   

 

ῶ 2ȳ ☼ ᴃ֢ ԈכӐиέ[10] 
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ϝȳ  ן֫

І ᾼѻ ╥כ (VOSO4Ȳvanadyl 

sulfate)ȴӭ› ֵᾼ֮ ╥֯(45%)ȳМ (31%)ȳ

(21%)ȴ ЄֵѿХ оϡ (V2O5)ᾼᶮ֯׀הȴѻ ӣ ╥ᵏ

 Џ Мᵶ ᾼ ֥  ӰоЏ Мч ᾼ ȴѭϩ Ἤ

Ӣᾼ ᴊȳ Ӱȳ Мᾼ а Ҡ֫ןԛᵓӣȴ ӣᾼѠᾎ

╥ṿӣ ȳ а ҏכ Іᾭ ȴԛ ᾎ

(Aluminothermic)Ἠ ᾎ(Electro-aluminothermic) І

כ   ה) 3)ȴἨ῏╥ѿ Ȳ V2O5 כ V  ה) 4)ȴ 

3 V2O5 + 10 Al  Ą 5 Al2O3 + 6 V        

(3) 

2 V2O5 + 5 C  Ą 5 CO2 + 4 V         

(4) 

 

 

 6ȳԓ Ӣ ẃ иӁ[11] 

 

ϱ ṷѠᾎᶁ ֯ ϯ ᴩȲ֯Є ϱᴾצᵅכ

Ӑ ȴᵀ╥֯Њ ȳ᷅ה ϱכӐ ד ᾼ ȴצӇ

ҫᴩ Ҡ ᾼ֫ןѠהȴṿӣ ȲẂֽӧ ȳϛ ȳ
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Ἠ῏╥ о ╥ Ϡ  ᾎПҵҠ V2O5 ᾼѠ

ᾎȴ 

ѝ ▲М Ἤӣ ᵶ ȲҠ֫ן

Мᾼ а ȴC. Erust Ϣ[12] שᾼׁן֫

ṅȴἬ֫ן  ϯȸ5.71% V2O5Ȳ1.89% Al2O3Ȳ1.17%ֽכ

Fe2O3 Ȳ61.04% SiO2ȴ Ṿ ậ ԈⱢ Ệѩȸ1:25 S/L ratioȲ

⇔ȸ0.1 MȲ Ѭ ⇔ 0.1 MȲ ậ ⇔ 50 oCȲ ậ

120 minȴ֯ױ Ԉϯּ95%צפᾼ Ҡ֫ןȴK. Mazurek[13]ѿ᾿

180-250 mm ѿ2% (oxalic acid)֯ 50 oCϯȲ Ệѩ

25:1Ȳ4Њ ậҠ֫91%ןᾼ Ȳ92%ᾼ Ȳ63%ᾼ ȴ ậ ԛѿ

ḛ ҏ Ȳѿ Іӻ ᵮ Ẕ҃ І∟Ȳԛѿ о ӻ

ḛ ҏ ȴ 

 

Ognyanova Ϣ[14] ▲֢ ᾬМᵶ ȳ ᾼѩẂȴ цᾐ

Ѭ ᵶצ ᾼ ȳ ȴẔװⱢṿӣ Orimulsion Ἤ Ӣᾼ

ᴊᵶ פּ 11.7%ȴ МἬṿӣᾼ ᾬȲᵶ פּ 3.5%ȴ

ᾒѭϩ Ἤן ᾼ ᴊᵶ פּ 0.4 ~ 3.8%ȴ ṷ ᾬ ậ

ԝֽῶ 4ȴЄֵṿӣ (60-90 oC)Ȳ50%ѿϱᾼ ȲϷצṿӣ

ȳ о ȳ Ѭ ậ ȴẔМ цᾐѬ (ῶ 5)ṿӣ 60 

g/L ậ֫ן 95% (NiSO4) 95% (V2(SO4)3ȴOrimulsion

ᴊӣ ậ֫ן 60%~90% ȴӦὑỆ ᾬẃ Л֝ȳᵶ

Л֝Ȳ֢ ậ ȳ ԈȳѠᾎЛϚȲӦῶ 3-5ҠכҏЄ ϱ

ṿӣ ȳ ᵗὑצ а ᾼ ậȲᵀ╥ ᾎ ҏẓ ȴ

Ognyanova Ϣ[15]ѿ ANOVA ᾎ ѿ иέȲ

⇔(105 oCȳ600 oC)ȳ ậ /Ệ ѩ(20 mL/gȳ5 mL/g)ȳ ⇔(1 Mȳ
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4 M)ȳ ậ ⇔(40 oCȳ80 oC)ȳ Ѭ ⇔(0 g/Lȳ10 g/L) ậ

ԈȴҫҵϷ - Ẓ◕ה ậȴ Ὠ Ẓ◕ה ậצ

ᾼ ἤ ן֫ ȴ∂ ậ ֽ 9ȴ 

 

ῶ 3 ֢ ᾬМᵶ ȳ ᴍиѩ[14] 
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ῶ 4 ֢ ᵶ ȳ ᾬ ậἬӣ [14] 
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ῶ 5 ֢ ᵶ ȳ ᾬ֫ן [14] 

 
 

 

 

 7 Ẓ◕הӦ ậ а ȴ[14] 
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Ṿ ậ ԈⱢ Ệѩȸ10 mL/gȲ ⇔ȸ400 oCȲ ȸ4 M NaOHȲ

ậ ȸ2 Њ ȴҠ ậּפ 80%ᾼ а ȴ ậ ѿ 0.5 M 

H2SO4 ậȲҠ פּ 88%ᾼ ȴ 

Ϡ Ἤӣ ПҵȲ Ἤ (leachate)ᵶ

Ϸד [15]Ȳֽῶ3ȴ ᵶ Ҡ 120 mg L-1ȴᵶ

(pH~11.5)Ҡӣ Іӻ ᵮ ȴ ᵮ  mg V g-1ȴѿ 27פּ

ᵶ  2 mg L-1Ȳ90 L ☼ Іӻ ᶩȲ ҏ

ᵶ ẃ ᵶ ᾼ14%ȴᵮ  ᾼ Іӻ 2 M 

NaOH ♃ҏȴ֫ן 57-72%ȴפּ вᵶᾼ  ϷҠѿ ӦӢо

ậ֫[16]ןȴ Ӧҟ ІѬ ♃∟Ȳṿӣᵶ0.016 M ᾼAt. 

thiooxidans ϱ (Culture supernatants)ậ Мᾼ  Ȳṳṿ

ӣ Acidithiobacillus thiooxidans (At.thiooxidans)ȳ Acidithiobacillus 

ferrooxidans (At. ferrooxidans)ȳ Aspergillus niger (A. niger) ϱ

(Culture supernatants)ẃ ứ  Іȴ ậ  6щȴפּ
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ῶ 6 Ӣ (leachate)ᾼ  [15]כ

 

 

 

ϥȳӐ  

֥ ᴷ֢ а ᶾן֫ Ȳѿ ậ а ⱢҠᴩȲ

֪ⱢӢо ậ  Ȳ Іӻ ậ ӢẔ҃ ȴ

ậ ᵶ Ҡ᾿ ӣ֯ԓ ☼ ᴃМȴ 
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Ӑ ӭᾼ╥ ∂Ӵо ᾎ о ᾎȲṳѹ

ᴷ Ẓ ѠᾎᾼҠᴩἤȴо ᾎѿ (ӧ ȳϛ )ⱢѻȲ

V2O5ᾼ ȴ о ᾎ ∂Ӵ

Ȳ о V2O5ᾼ ȴ 
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ȳׁשṅѠᾎ  

    Ӑ иẒד ᴩȴ Ϛד ⅍ ן֫ ч

₤Ȳ ϡד ֥ ἬԚ֝שׁ ᴩ ן֫ ȴ ᴩׁשṅ

▐ ֽϯȴ 

 

 8 V2O5 ậ ▐ṅѠᾎשׁ  

 

V2O5 ὑ ậ МȲѿ ⱢẂȲֽה 5Ἤӱȴױ Іѿ

Х VO2
+ І׀ ȴ֯ ᵶХױ VO2

+ І иᵑѿо ᾎἨ

о ᾎ ҳכ І(VO2+)ἨϮ І(V3+)ȴ 

V2O5 + H2SO4  Ą (VO2)2SO4 + H2O         

(5) 

 

ϚȳЛ֝ V2O5Ệ Ҡᴩἤ ᴷ 

  1. иᵑ 2M ѿц0.2M (C2H2O4) ȴ 

  2. ậ96% ȳ2M ц0.2M ֢15mLȲиᵑҒϤ

0.1 gᾼV2O5 ὑ Мȴ 

V2O5 ậ ᴷ

ậ

ậ

ᾎ ᴷ

ᴷ

ᴷ

о ᾎ ᴷ

ᴷ

ᴷ

ứ ☼

ứ ☼ ứ

ᴞ ן֫
ѩ
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  3. Ϛ◕ ∟ Ẕ ᾭ ѿц ṳҒѿ ȴ 

 

ϡȳо ᾎ 

Ғӧ Ἠϛ ẞᵶХ VO2
+ Іᾼ Ȳ

⇔ ⇔ VO2
+ І ҳכ І(VO2+)ἨϮ І

(V3+)Ȳֽ(6)הȳ(7)ȴ 

CH3OH + 6 H+ + 6 VO2
+  Ą 6 VO2+ + CO2 + 5 H2O   

(6) 

C2H5OH + 12 H+ + 12 VO2
+  Ą 12 VO2+ + 2 CO2 + 9 H2O  

(7) 

ȴ 

 

 

Ϯȳ о ᾎ 

о ᾎ ∂Ӵֽϯ о ȴ֯ Ἤ

Ӣᾼ о ч иᵑֽϯȸ 

ȸ2 H2O Ą O2 + 4 H+ + 4 e-         

(8) 

ȸVO2
+ + e- Ą VO2+            

(9) 

ῴḔᵒ Ȳ о ч ѩ ὔ ạ ∟ᾼ ȴ ạ

ᵛҠ ạ І ȴ 
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 9ȳ о ᾎ ӱ  

 

1. Ɫ ἤ ╥ᵡ֯ ☼҉иṿӣ֯

ϱȲѿ― ҳ ᵓ ᴟϮ Ȳ֪ױ ᴩ ᴃв

֢ аԈᾼḆ Ȳṳ ȴ  

   2. ȸ2 M H2SO4 + 0.1M VOSO4Ȳ30 mL   

ȸ2 M H2SO4Ȳ 30 mL   

2. ᴃ ϱ ṳὍϤӔ МȲ֯ ᾼ иҒ

ϱ ♣Ȳ ♣☼ Ɫ40 mL/min Ȳṿ ᴃ Ṇ ᶮ

Ϛכ ᶙ ȴ 

3. ᵓӣAutolab⌡ ᴯ Ȳѿ0.1 Aứ ☼ ᴩ ȴ  

 

 

  

 

 

 

V4+ 

 

 

V5+ 
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 10ȳ ᴃаԈ  

 

 

(Ϛ) ứ ☼  

  › Ὠ ӱȲ ᴃḛ ҏV2O5Ệ Ἠ╥ оᾬҠ

ἨẔ҃ +VO2כ ІȲVO2+ ІҠ Ӧ ᴃ

VO2+/H2SO4 VO2+ І оכVO2
+ ІἨ╥ +V3+ȳV2כ

Іȴ М צ І ẞ Мṳѹ

Ẓ צ оȴ 

Ḕ ȸ  

1. ậ50mL ᵂⱢ Ȳ50mL H2SO4 ᵂⱢ   

2. ẔМH2SO4 ⇔иᵑⱢ2.5M ȳ2M ȳ1.5M ȳ1Mѿц0.5M  

3. ֢ ›∟ ⇔ц ד ἤ ᴩѩ ȴ 

Ԉ: 

: 50mL  2.5/2.0/1.5/1.0/0.5M H2SO4  

: 50mL  1.54M  ֫ן (4.16  )  






























































