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1.1  

(circular economy) (Pearce & Turner)
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— —

 

(resource efficiency)

 

( 1.1-1)  

 
https://circular-taiwan.org/roadmap/ 

1.1-1  
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1.  

IP IC IC

IC

( ) IC IC

IC

(Integrated Design and Manufacture, 

IDM)( IC )

2.1-1  

 
(https://ic.tpex.org.tw/)  

2.1-1  

( )

IC

(

) ( (Isopropanol, IPA)
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)

( )  

2.  

(Thin Film 

Transistor Liquid Crystal Display, TFT-LCD)

ITO

IC

2.1-2

( ) (IPA

) ( )

 

 
(https://ic.tpex.org.tw/)  

2.1-2  
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Apple

2.1-3

( ) (IPA

) ( )

 

 
(https://ic.tpex.org.tw/)  

2.1-3  

3.  

(Light-Emitting Diode, LED)

LED

LED
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LED LED

2.1-4 (IPA )

 

 

 
(https://ic.tpex.org.tw/)  

2.1-4  

4.  

(CdTe) (CIGS)

 

(

)

2.1-5

(IPA )
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(https://ic.tpex.org.tw/)  

2.1-5  

5.  

2.1-6 (IPA )

 

 
(https://ic.tpex.org.tw/)  

2.1-6  
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6.  

(Battery Electric Vehicle, 

BEV) (Hybrid electric vehicle, HEV) (Plug-in 

Hybrid Electric Vehicle, PHEV) (Range Extender Electric 

Vehicle, REEV)

( /

)  

( )

( (LCO)

(NCM) (LMO) (LFP) ) (

)

/ / / /

/

 

2.1-7 (IPA

) ( )

 

 
(https://ic.tpex.org.tw/)  

2.1-7  
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7.  

( 2.1-2~2.1-3 )

 

2.1-2  

 
   

( ) ( ) 

 

( ) (%) 

C-0301 
24%

 

109 114,830 8,858 282,371 43.8% 
110 138,532 10,540 317,618 46.9% 
111 163,146 11,669 342,425 51.1% 

C-0399 
 

109 5 26 3,436 0.9% 
110 6 52 4,028 1.4% 
111 6 1,354 6,363 21.4% 

R-1501  
109 3,318 - 3,285 101.0% 
110 4,242 - 4,238 100.1% 
111 3,449 - 3,459 99.7% 

R-2503 
DMF  

109 54,266 - 54,451 99.7% 
110 67,770 - 67,597 100.3% 
111 62,497 - 62,297 100.3% 

R-2506  
109 - - - - 
110 - - - - 
111 - - - - 

D-1504 
 

109 49,221 65,575 181,739 63.2% 
110 56,470 77,437 202,048 66.3% 
111 52,145 68,388 190,712 63.2% 

1 = + 100%  

2 =( + ) ÷  

-  
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2.1-3  

 
  

 

( ) ( ) 

 

( ) (%) 

A-7201 
 

109 16,194 47,804 64,290 99.5% 
110 12,838 53,322 65,872 100.4% 
111 7,162 48,457 55,206 100.7% 

A-9001 
 

109 88 - 1,363 6.5% 
110 82 95 1,502 11.8% 
111 69 15 1,426 5.9% 

A-9201 

 

109 2,642 - 2,648 99.8% 

110 1,665 - 1,669 99.8% 

111 1,999 - 2,014 99.3% 

D-0902  
109 700,454 68,912 1,031,685 74.6% 
110 664,048 78,869 1,070,269 69.4% 
111 705,939 71,744 1,069,997 72.7% 

C-0202 
pH ( )

2.0 

109 241,050 10,727 274,180 91.8% 
110 268,972 11,691 301,428 93.1% 
111 281,051 18,327 321,419 93.1% 

R-0910  
109 34,084 - 33,980 100.3% 
110 36,407 - 36,493 99.8% 
111 35,552 - 35,487 100.2% 

R-2501  
109 92,800 - 92,750 100.1% 
110 98,187 - 98,243 99.9% 
111 80,852 - 80,779 100.1% 

R-2502  
109 130,460 - 130,695 99.8% 
110 160,271 - 160,459 99.9% 
111 139,674 - 139,310 100.3% 

1 = + 100%  

2 =( + ) ÷  

-  
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2.2  

 

1.  

(IPA)

2.2-1 (IPA)

(TMAH)  

2.2-1  

    

IPA 
 24%

(C-0301) 

 

 

 
 

 
 

TMAH 
 (D-1504) 

  

  

  

 

(1) (IPA) 

2.2-2
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2.2-3 (IPA)

85% VOC

IPA IPA

 

2.2-2  

   

 (TMAH25%) 
2012 

 PGME PGMEA 
2002 

 IPA IPA 
2019 

-

2022.6.23  

2.2-3 (IPA)  

  
(%) (wt%) 

 
(as CH3COOH) 

(wt%) 

Metal 
(ppb) (ppb) 

Particle 
( 0.5μm) 
(pcs/ml) 

 99 0.1 0.001    

 99.9 0.01 0.0005 0.1 50 50 

-

2022.6.23  
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IPA

20,000MT/ 2025 80,000MT/

IPA IPA 10% IPA

30%

(IPA Regeneration Plan)

IPA 2,300

IPA 320 /

2.2-1  

 
-

2022.6.23  

2.2-1 IPA  

(2) (TMAH) 

(TMAH)
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TMAH TMAH

2022 TMAH 12

1,350,000 2.2-2  

  
TMAH 

2023.9.8  

2.2-2 TMAH  

2.  

2.2-4  
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2.2-4  

     

  
(C-0202 )  

 

 

  

  
(C-0202 )  

  

 

 

(D-0902 )  
  

 

(R-0910 ) 

 
 

 
(C-0202 )   

 

 

- ( )

( )  

(1) ( ) 
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2.2-3  

 
https://www.sarecovery.com/index.php?page=16  

2.2-3  

2.2-4  

 
https://www.sarecovery.com/index.php?page=16  

2.2-4  
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(2) ( ) 

2000 2011

2012

2014

2.2-5

( >25%)

( >99%) ( >98%)

( >99%)  

 

 

2.2-5  

3.  

( Tetramethylammonium Hydroxide; TMAH ) ( Methyl 

Ethyl Amide; MEA ) N- ( N-methyl-2-pyrrolidone; NMP )

( LED )
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( ) TMAH

 

2.2-5  

2.2-5  

    

 pH ( )
12.5(C-0201) 
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2.3  

111 11

8

(

)

45 ( 45 )

( 6

)(112/1)  

10 2.3-1~

2.3-5  



 
 

24 

2.3-1 (1/5) 

 



 
 

25 

2.3-2 (2/5) 
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2.3-3 (3/5) 
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2.3-4 (4/5) 
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2.3-5 (5/5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4  
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3C

(Re-Cycling) (Re-Generating)

(Re-Manufacturing)

 

1.

2. 3. 4.

5. 6.  
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( )

24%

 

(IPA)

(1) 20%

(2)

20%  

TFT-LCD (Array) (Cell)

(Module) Array

(TFT) TFT Cell TFT (Color 

Filter) Module

IC Cell

Array TFT Cell

( ) /

( R G B BM )
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3.1 (Multi-Effect Distillation, MED)  

1.  

(Heat 

Integrated Distillation Column, HIDiC) (Divided Wall Column, 

DWC)

20 60%

 

HIDiC (stripping section)

(rectifying section)

HIDiC

 

HIDiC

(

3.1-1 ) ( )

50%

33%
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(1) Tmin> (

) (

) (2) ( ) (3)

 

( ) Badger

Whiting Hitachi Zosen IDE

GEA CHEM (KETAV)  

 

3.1-1  

2.  

(1) Alfa Laval  

Alfa Laval

/ AlfaVap

AlfaVap
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AlfaVap

AlfaVap

 

AlfaVap

40 50°C

AlfaVap

(effects) (effect)

TVR MVR  

3.1-2

Alfa Laval ( Akzo Nobel )

(NaOH) ( 32% 50%)  

 
https:// www.alfalaval.com 

3.1-2 ( Akzo Nobel) 
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(2) IDE  

/

/

( ) 1950

2 4 (effects)

2 16 (effects) IDE

IDE /

(Mechanical Vapor Compression, 

MVC) (Low Temperature Multi-Effect Distillation, 

LT-MED) (Thermal Vapor Compress, TVC) (Reverse 

osmosis, RO) 3.1-3 IDE

( )  

 

https://www.eolss.net/Sample-Chapters/C07/E6-144-44-00.pdf 

3.1-3 IDE ( ) 
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(3) GEA  

GEA 1881

 

3.1-4 4

 

GEA

( ) ( )
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https://www.gea.com/de/products/distillation-fermentation/distillation/multiple-effect-distillation-plants.jsp 

3.1-4 GEA  

(4) (KETAV)  

(KETAV)  2005 

MDC IPA EA

(MEE)

(ATFD) MEE 

/

ATFD (ZLD)
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( )  

 VLS  VLS 

2 3 6

3.1-1

 ZLD (Grasim Ltd - 

Renukoot - 120 KLD MEE + ATFD) 3.1-5  

3.1-1 (MEE)  

    

 1  1  100% 

 1  2  50% 

 1  3  33% 

 1  4  25% 

 1  5  20% 

https://ketavconsultant.com/multi-effect-evaporator-mee/ 
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https://ketavconsultant.com/multi-effect-evaporator-mee/ 

3.1-5 (KETAV)  

3.2 (Mechanical Vapor Recompression, 
MVR)  

1.  

2 2

 (Mechanical Vapor 

Recompression MVR)
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3.2-1

10~30

( )

 

(1) (2)

(3) (4)

(5) (6)  

GEA Whiting

AGV Technologies GIG Karasek EVATHERM

MAN Diesel& Turbo IK 3V Tech

 

 

      

IK Corporation (https://ikcorp.tradekorea.com/main.do) 

3.2-1  
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2.  

(1) Whiting  

 

75 ( ) 92

1 14.1 psia 22.8 

psia 12.33 Kcal 1

249.75 Kcal 3.2-2

 

 
https://www.whiting.ca/evaporators-whiting-equipment-canada-inc/ 

3.2-2  

 

•  
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• ( ) 

•  

)

3.2-1

 

3.2-1  

                    

 
(Triple Effect) 

(Recompression Evaporator) 

(Power), kwh — — 

(Compressor) 0 46.7 

(Circ. Pumps) 9.07 12.9 

(Total) 9.07 59.6 

(Steam), kg 717.32 288.744 

(Condenser H2O), gpm 75.3 0 

 
(Steam & Power cost) 

$9.93 $6.80 

0.05 1,000 13.216  

https://www.whiting.ca/evaporators-whiting-equipment-canada-inc/ 
 

Whiting

3.2-3  
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Whiting https://www.whiting.ca/  

3.2-3 Whiting  

(2) GEA  

GEA TVR MVR

( )

TVR

TVR

GEA TVR

TVR MVR

3.2-4

GEA  

GEA (MVR)

NMP (

NMP DMF) MVR

( )
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3.2-5 MVR NMP  

 

 
GEA https://www.gea.com/en/environment/index.jsp 

3.2-4 GEA  

( )

MVR

 



 
 

44 

 
GEA https://www.gea.com/en/environment/index.jsp 

3.2-5 GEA MVR NMP  

 
(3) 3V Tech  

3V Tech 1958

3V Tech 

3V Tech 

3V Tech
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(ME) (TVR)

(MVR) ( )  

3V 

Tech 

(ME) (TVR)

(MVR) 3.2-6 3V Tech

 

(MVR) (1)

(2)

(

) (3) (BPE)

(  BPE )

(4) MVR 
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https://www.3v-tech.com/en/technologies-and-solutions/5/solvent-recovery 

3.2-6 3V Tech  

3.3  

1.  

(azeotropic mixture)

 

(extraction)

(solid-liquid extraction) (leaching)

(solvent 

extraction) (washing)
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2.  

(1)  

( )

( (PGMEA)

(PGME) (

-3- (MMP)

TW I552809 ( 3.3-1

)

<1%

 

 
(TW I552809)

2016 10 11  

3.3-1  
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(2)  

TFT-LCD (Stripper)

 

(Stripper 

Recycle System; SRS)

SRS (90% )

 

“ ” (

(DMSO) (MEA) )

( 2%) ( 10% )

( ) (FD)

3.3-2  
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https://n-refine.co.jp/service/environment/srs/  

3.3-2 (Stripper Recycle System; SRS) 

(Stripper 

Recycle System; SRS) ( 3.3-1 )

 

3.3-1 SRS  

 ( )  
SRS-20 W4000×D1700×H2500 20L/hr 

SRS-150 W6450×D2200×H7150 150L/hr 
SRS-250 W6450×D2500×H7800 250L/hr 
SRS-500 W11000×D3200×H10000 500L/hr 
SRS-750 W11000×D3200×H10000 750L/hr 
SRS-1000 W11000×D3200×H10000 1000L/hr 
SRS-1300 W13000×D3200×H12800 1300L/hr 

https://n-refine.co.jp/service/environment/srs/  
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3. N- (NMP)  

NMP

NMP

NMP …

NMP

SRS

NMP ( 3.3-3 )(

5% 60%)

1/10

N- (NMP) (DMAC) (MEA)

r- (GBL) ( )  

 

/  

3.3-3 NMP  
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(4)  

15~20% (IPA) 2

80% SOLPICO

( 3.3-4 )

Ammonia IPA EDC  

 
/  

3.3-4 SOLPICO  

87% ( IPA 87 wt% / 13wt%

( ))
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99.5%

99.99%

IPA 3.3-2  

3.3-2  

  

 
(pressure swing distillation) 

 

 
 

 
 

 
 

(2018/9/21) 

3.4  

1.  

( ) ( )
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(reverse osmosis)

(nanofiltration, NF) (ultrafiltration, UF) (microfiltration, MF)

(porous membrane)

(dense membrane)

(NF) (RO) (GP) (dialysis)

(PV) (VP) (MD) (ED) (EO)

(electrophoresis) (SLM) (

)

3.4-1

 

 
(2014/12/15)

3.4-1  
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(1)  

(Pervaporation, PV)

(Vapor Permeation, VP) 3.4-2

(1)

(Entrainer)

(2)

(3)

(4)

 

 
DEC 2021

94 04 pp.27~40  

3.4-2  
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(2)  

(Vapor Permeation, VP)

( 2,000 

pa )

(

) ( )

3.4-3  

 
Review of Pervaporation and Vapor Permeation Process Factors Affecting the 
Removal of Water from Industrial Solvents, J Chem Technol Biotechnol. 
(2020/3/1) U.S. EPA Public Access1 

3.4-3  
                                                 
 
 
1 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7147810/pdf/nihms-1554670.pdf 
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(Vapor permeation, VP) (Pervaporation, PV)

(Clean technologies) VP PV

10 VP PV

3.4-1  

3.4-1 (PV) (VP)  

(PV) (VP) 

  

-  
 

  

 
 

(Permeate)   

 

 

 

149 (Sep. 2020) pp.129~147  

2.  

(1) GKSS  

3.4-4  

A.  

B. (close-boiling) ( )  
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C.  

D.  

E. -

 

 

 

https://dc.engconfintl.org/bioenergy_ii/10/ 

3.4-4 GKSS  

 

(2)  



 
 

58 

PV 3.4-5  

 

A. 50%

99%  

B.

 

C. 4/5  
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https://www.m-chemical.co.jp/cn/products/departments/mcc/ion/product/1202348_8785.html 

3.4-5  

(3) (Pall)  

(Al2O3) (ZrO2)

(TiO2)

3.4-2  
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3.4-2  

   

  

0.1

 

  

1,000~300,000

 

  

150~1,000

 

http://pdf.dfcfw.com/pdf/H3_AP201902181297798019_1.pdf 

(1)

(2)

(

) 3.4-6
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https://www.jiuwumembrane.com/ceramic-membranes/ 

3.4-6  

(4) PETRO SEP  

(MF) (UF) (NF) (RO)

(MD) (PV)

(VP)

PETRO SEP

3.4-7  

PV ( 3.4-8 )

PV

( )

“ ”  
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PETRO SEP  VOC-SEP™  AZEO-SEP™

 PV VP 

(

) ( ) /

( )

 

 

PETRO SEP (https://petrosep.com/) 

3.4-7 PETRO SEP   
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PETRO SEP (https://petrosep.com/) 

3.4-8 PETRO SEP PV  

(5) IPA  

Zuo  PV  VP 

 VP (Zuo, J., Hua, D.,Maricar, 

V., Ong, Y. K. and Chung, T. S., 2017) —

 85% 

 85%  99.5%

PV VP ( pH )

PV/VP
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PV/VP  

99.5%

3.4-7 IPA  

 

 
 

https://www.m-chemical.co.jp/cn/products/departments/mcc/ion/product/1202348_8785.html 

3.4-9 IPA  
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3.5  

1.  

Electrodialysis ED

 

( ) ( )

3.5-1  

3.5-1  

  

  
(1)  

(2)  

 (1)
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(2)

 

 

(3)

 

 

2.  

(1) SACHEM  

(TMAH (CH3)4NOH)

(positive photoresist)

TMAH

TMAH

1~3%

 TMAH 

TMAH TMAH

TMA+( )

(TMACl) (TMAX)

TMAH  

3.5-1 SACHEM Mobius System™

SACHEM Mobius System™

99.5% TMAH

SACHEM Mobius System™ TMAH



 
 

67 

TMAH 3.5-2 TMAH

3.5-3  

 

https://www.researchgate.net/publication/274310119_Strategies_for_Tetramethylammonium_
Hydroxide_TMAH_Recovery_and_Recycling 

3.5-1  SACHEM Mobius System™  

 

https://cmcfabs.org/wp-content/uploads/2017/05/CMC-Presentation-SACHEM-CMC-051017
.pdf 

3.5-2 SACHEM Mobius System™ TMAH  
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https://cmcfabs.org/wp-content/uploads/2017/05/CMC-Presentation-SACHEM-CMC-051017
.pdf 

3.5-3 TMAH  

SACHEM 2008 1

(SN Tech)  Mobius 

System™ TMAH 2009 10 Sharp G10

TMAH  

3.6  

(Chemical leasing)

( 3.6-1 )
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(United Nationals Industrial Development 

Organization, UNIDO) (United Nations Environment 

Programme, UNEP) (National Cleaner Production Centres, 

NCPC)

(Extended Producer Responsibility

EPR)

 

 
GLOBAL PROMOTION AND IMPLEMENTATION OF 

CHEMICAL LEASING BUSINESS MODELS IN INDUSTRY 2016  

3.6-1  
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Bambi Banat Henkel

20

 

( 3.6-1) 30%

4,000

( 3.6-2 )

10,000

 

3.6-1  

  

  

 ( ) 

https://chemicalleasing.com/success-stories/ 

 
https://chemicalleasing.com/success-stories/ 

3.6-2 ( ) 

(Chemical Leasing)
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2023 7

 

( 3.6-4 )

 

 

https://green.sme.gov.tw/detail.php?type=1&id=2826&lang=tw 

3.6-3  
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4.1  

( MECS 

SAR ( ) ) (

WSA P&P )

 

2

SO2 4 5

SO3 SO3

2 98%
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SO2 4.1-1  

 

2016 11  

4.1-1  

SO2 3

SO3 SO3

98% 4.1-2  

 

2016 11  

4.1-2  

1. MECS SAR ( ) 

MECS SAR (Sulphuric Acid Regeneration, SAR)
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99.2% 93.5~98.5%

MECS SAR 4.1-3  

 

2016 12  

4.1-3 MECS SAR  

SAR 4

 

SO2 H2O O2

SO2
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4 5

(MECS) (DynaWave®)

 

 

/

 

/

(

) MECS® Brink®

 

2. WSA ( ) 

(Haldor Topsoe Company) WSA(Wet gas Sulphuric Acid, 

WSA)

95.0% 99.7% 97.5%~98%

WSA 4.1-4  
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2016 12  

4.1-4 WSA  

SO2

SO2

SO2 SO3  

VK-WSA

SO2

 

SO3

 

SO3(g) +H2O ( 2SO4(g) +101 kJ /mol 

WSA

WSA 1 /
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WSA

 

WSA

 

 

Haldor Topsoe WSA

SmartSAR™ 4.1-5

SmartSAR™

 

 
Regenerate spent acid with maximum energy recovery, Haldor Topsoe 

4.1-5 Haldor Topsoe SmartSAR™  
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3. WSA ( P&P ) 

P&P (P&P Industries AG) WSA

P&P

WSA P&P

4.1-6 4.1-7  

 

(Lean Gas) (

) P P

(Heat Transfer Salt System, HTS) 400°C

SO2 (Hot Gas Filters, HGF)

P P

70 SO2 SO3 HTS

SO3 H2SO4

P P

HTS

99.9 SO2 H2SO4 SO2 (Low 

Temperature Carbon Catalyst, LTCC) SO2

H2SO4 99.999  
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P P Industries AG

https://www.pp-industries.at/en/productdetail/sulphur-oxidation-process-sop-spent-acid-regen
eration-sar 

4.1-6 P P WSA  

 

 

P P Industries AG

https://www.pp-industries.at/en/productdetail/sulphur-oxidation-process-sop-spent-acid-regen
eration-sar 

4.1-7 P P WSA  
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4.1-1  

4.1-1 1 /  

 
WSA 

( ) 

MECS SAR 

( ) 

 

( ) 

SO2 3 3 3 

NOX 3 3 3 

 5 mg/m3 m3 3 

    

    

(kWh)    

H2S

 
   

    

    

    

(%) 99.6 >96 >96 

    

   70%

 

/  

 
 

10

 1.5  

 

( ) 
47,843 58,175 24,358 

2016 11  
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4. SULFOXTM ( ) 

SULFOXTM

SO2 H2S  

SO2 0.2 v% 6 v%

SULFOXTM

 

SO2 H2S CS2 H2SO4

SULFOXTM

SULFOXTM

SO2 4.1-8  

(1) SULFOXTM

SULFOXTM  
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--- “ ”

2015  

4.1-8 SULFOXTM  

 

(2) H2S SULFOXTM

H2S

SULFOXTM NK SO2

H2S

SO2 SO3

SO2
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SO2 SULFOXTM  

(1)SO2 SO3

SO2  

(2)SO3 H2SO4(g)

98%

 

(3)

SO2 H2S

SULFOXTM

 

5. ERSA™ ( ) 

ERSA™

(ECOSA®)

ERSA™ 98%wt

GB 534-2014
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ERSA™

4.1-9 ERSA™

ERSA™

ERSA™  

 

https://wangjiamin0309.github.io/haiyang/huanjinggongcheng/technology/technology2.html 

4.1-9 ERSA™  

6. ( GMM Pfaudler ) 

Pfaudler

Pfaudler

( )  
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Pfaudler HoSA®  

Pfaudler

Pfaudler HTX 250 °C Pfaudler

4.1-10 4.1-11  

4.1-10 Pfaudler  

Pfaudler  
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Pfaudler ACID RECOVERY 2022  

https://www.gmmpfaudler.com/systems-processes/process-systems-packages/acid-recovery 

4.1-11 Pfaudler  

7. ( SEP ) 

(Multiple Effect 

Evaporation, MEE)

 MEE

2~10

 

SEP

FeSO4·H2O( )

FeSO4·7H2O( ) SEP 4.1-12

SEP

( )  
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SEP

https://www.sepwin.ch/en/applications/Chemicals/Recovery-of-Waste-Sulfuric-Acid/ 

4.1-12 SEP  

4.2  

TFT-LCD

(50~60%)

 

1.  

(

)
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60%

4.2-1  

 

2018

11  

4.2-1  

1 30 2018

6,200  

85%



 
 

89 

4.2-2  

 

2018

11  

4.2-2  

2.  

H3PO4 NaOH KOH

… 4.2-3

 

H3PO4 3PO4 2O 

H3PO4 3PO4 2O 



 
 

90 

 

- 2014 7  

4.2-3  

 

(1)  

 

 

(2)  

pH  
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(3)  

TFT-LCD

30 %  

(4)  

MAP

 

( Cl- NO3
-)

pH

MAP

 

3.  

(H3PO4) (

85%
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…  

4.3  

(Dry Etch)

(Wet Etch) 2

 

(HF) SiO2 2SiF6+ 

2H2O

(CaCl2)

 

1. ORGANO  

ORGANO ( 4.3-1 )

0.2~0.5mm (SiO2)

(CaCl2) (Ca2+)

10%
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          ORGANO  

4.3-1 ORGANO  

( 100~1,000 mg/L

3,000 mg/L~10%) 4.3-2  

 

ORGANO

https://www.organo.co.jp/wp/wp-content/uploads/2018/04/00246_ecocrysta_SIYOU.pdf  

4.3-2 ORGANO  
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ORGANO

(CaF2)

96.5%  

ORGANO ( 3.3-3 ) TOSHIBA

3 Ecocryta 3,000~4,000

1,000~2,000

( ) (

)  

 

2018

11  

4.3-3 ORGANO  

2.  

(1)  

(Mitsubishi Chemical Engineering Corporation)

(HF Recycling System, HFRS)

HF 80

90 LCD
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4.3-4

 

A.  

B.  

C.  

D.  

E.  

 

https://www.mec-value.com/english/solution/slb/hydrofluoric.html 

4.3-4  

(2)  

(SASAKURA Engineering)
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30 40 ppm

10 98 (

4.3-5 )  

A.2  

2

 

B.  

2

 

 

 

SASAKURA http://www.sasakura.co.jp/e/products/water/ex/06.html 

4.3-5  

1
 

2
 

 

(10-15 ) 
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3. Beta  

Beta Control Systems, Inc. 1980

Beta

 

“ ”

/ + 

H2O

PLC

( 100 80 )

( ) ( )

( )

4.3-6  
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Beta Control Systems

http://www.betacontrol.com/content/mixed-acid-hf-hcl-hf-hno3 

4.3-6 Beta  

4.4 - ( De Dietrich

) 

( )

De Dietrich

 

 

4.4-1 QVF®

-MTBE
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MTBE

 

 
De Dietrich

https://www.dedietrich.com/en/solutions-and-products/extraction/liquid/liquid-extracti
on/recovery-acetic-acid-aqueous-waste 

4.4-1 De Dietrich  

QVF® 40%



 
 

100 

4.5-1

( ) MTBE 99%

( )  

4.5-1 QVF®  

 (kg/h) (kW) (%) 

 
280 100 10 
260 100 35 

QVF®  
260 100 10 
180 100 35 

De Dietrich
https://www.dedietrich.com/en/solutions-and-products/extraction/liquid/liquid-extracti
on/recovery-acetic-acid-aqueous-waste 

4.5 - ( ) 

100%  

4.5-1 4.5-2  

VCM EDC  

  

 ( )  
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2023.04 

https://saas.actibookone.com/content/detail?param=eyJjb250ZW50TnVtIjoyOTEz
NTV9&detailFlg=0&pNo=14 

4.5-1  

 

 

4.5-2  
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4.6  

1. ( ) 

(NaCl) (Na+)

(Cl-)

( 4.6-1)  

 
(2022.10) 

4.6-1  

ACILYZER ED

4.6-2  
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A.  

B.  

C.  

D.  

E.  

F.  

G.  

 

 
(2022.10) 

4.6-2  

 

4.6-1 4.6-3

( )
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4.6-2  

4.6-1  

  (L/hr)   

 AC02 10 80 W ×64 D ×142 H cm 

 
AC10 100 200 W ×130 D ×180 H cm 

AC25 1,000 350 W ×140 D ×210 H cm 

 
AC50 1,000  

 
AC140 10,000  

6%(1N) (95% ) 0.3%(0.05N)  

(2022.10) 
 

 

(2022.10) 

4.6-3  

 

4.6-2  

(     

(NH4)2SO4(g/L) 30.0 7.6 100.0 

(M3/day) 1.10 0.84 0.26 

(2022.10) 
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2. ( ) 

(Membrane Bioreactor, MBR)

(Anaerobic Ammonia Oxidation, Anammox)

4.6-3 4.6-4  

4.6-3  

  
  

  

 

 

   

•

 

•

 

 

  

 

•  

•

 

•

 

•

 

 

pH

 

•  

•

 

 

•

 

•

 

•  

•

 

•

CO2

CaCO3  

  
  

•  

•  
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•  

  

 

•

 

•

 

•  

•  

•  

•  

 

Mg2+

PO4
3-

 

  

•

 

•  

•

 

•  

409

2021 1  

 

 
 

4.6-4  
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(Membrane Distillation, MD)

pH

NH4+ NH3 (Membrane 

De-gasifier, MD) ( )

( ) ( 4.6-5

) (OXYMO)

MBR UF  

 
409 2021

1  

4.6-5  
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-

 

2021 5 (NEDO) 14

2050 10%

4.6-6  

 
JERA  

4.6-6  

 

3. ( ) 
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(Alkaline Elecrolyzer, AE) (Proton-exchange 

Membrane Electrolyzer Cell, PEMEC) (Solid Oxide 

Electrolysis Cell, SOEC)  

(AE) (PEM) (SOEC)

4.4-4 60 85%

(AE) (PEM)

(SOEC) 4.6-7

 

4.6-4  

 
YSZ (Yttria-Stabilized Zirconia, YSZ) PFSA

(Perfluorosulfonic Acid, PFSA) 

https://www.re.org.tw/knowledge/more.aspx?cid=201&id=4654 
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Laura Pérez Orosa etal Hydrogen Production by Wastewater Alkaline 

Electro-Oxidation energies,2022. 

4.6-7  

(NEDO) (IHI)

IHI

(OH-)

(H+)

(OH-) 3

120 kW

25 NM3/hr 4.4-8

2025  
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https://www.keguanjp.com/kgjp_keji/kgjp_kj_hj/pt20211206000001.html 

4.6-8  

 

4. ( PAQUES ) 

60%

40% 90%

10% 4.6-9 /

1.8 4.3

pH

—
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409

2021 1  

4.6-9 / /  

(PAQUES) ANAMMOX®

4.6-10

ANAMMOX®

60%

90% 50%

 

 
PAQUES

https://en.paques.nl/products/featured/ammonia-removal-anammox 

4.6-10 ANAMMOX®  
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5.  

(

)  

0.2~1%

17~18%

4.6-11

 

 
The method of hydrogen peroxide recycle treatment, by using wasted acid, 

10-1328647 (2012/8/2) 

4.6-11  
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