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e A FA A siEEE ¥ FEAXAE AEZ H(photoresist stripper)2] £ NMP (N-methyi-
pyrrolodione)9} BDG (Butyldiglyco)& 3|43te] AEge EAow A AFiCA|AE(spinning
band system)o] Z2Eo] Yt WFEFAANE o) foo] APAN ol TRADE FReldch AAL
NMPs} BDGE] 5+ XLEHAAE 2EZHE 84 7|F E4XQ % 99.5% o)delqlaL, & 1000
ppm olal, HIEAPHA) 50 ola), LEE AR AE el FEAEE 1 ppb o3t MEAE AE
Gm g} Azel ARET + g SEUS FANUG. NMPS) BDGE] H4-88 PR AEs oo A
E}elo] 79 NMP 96%, BDG 53%, B €1<1°] 7> NMP 93%, BDG 57%0]3th

FAlo : TEHAAE ~EHH, 7IUFF NMP, BDG

Abstract — As a basic study for the development of pilot-scale distillation process of waste photoresist strippers
from semiconductor industry, lab-scale experiments for the recovery of NMP (N-methyl-pyrrolidione) and BDG
(Butyldiglycol) from waste photoresist strippers have been made using a spinning band vacuum distillation
column. Purities of NMP and BDG obtained from the present experiments were higher than 99.5%. Furthermore,
water content was less than 1000 ppm, color grade(APHA) less than 50, most metal contents except sodium less
than 1 ppb. Those results indicate that NMP and BDG reclamed by distillation satisfy the their specifications
required for the formulation of new photoresist strippers. Recovery rate of NMP and BDG was 96 and 53%,
respectively, for type A, and 93 and 57%, respectively, for type B waste PR stripper solution..

Key words : Photoresist stripper, Vacuum distillation, NMP, BDG
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TFT-LCD 5 & A& Axggol F71st
234 MEHe AEY &4
53] TFI-LCD ojglo] 7|3 A=
Aol= S| G4 F4o A7 F BEW PR, 0lg WRE,
o4, WA 24-& AAs] 9% PR AEzg(photoresist
stripper) £910% AL4EE §7]87E A7 oF 30,0000
olzs AR Tjul g T B vl&S FAskn Aok o
¥ TFI-LCD AzFANH o]&5E= PRE Novolao/DNQ
{1-diazonaphthoquinone), &3 318-E(photo-active compound),
HHE FEl ok 3349 el o8 AzhE A
PR e}2]574 o]F 3|3 ashing)Ae]7} A€} 212k 1)
3348 AHES PR AEHZA AAATHI4]

PR el 33E AR 7 PR 25 0] 3o} 9
B2E 27 AN JRGR, olateB L (e]s) [PA),
F718A 2 PRY] 7t 3 Falfo] oot B39 EARAY 1
A 24, 95 AHE AA g Table 12 ARiAQl
TFI-LCD PR 2EHE F3hs ArlE, 2H3 77184,
H7H A2 vebd otk ddeltlat bgolulo® o)
FEE= ol a4, 33} o] F4 F o F4A
A ALY 7hwghe PRO] 318} pxef| 5310 E2; ) =
© 4 AgE oA PRE §3j5te] PRI} A A
Ad 4 IEF 3t} NMP (N-methyl-pyrrolidone), DMF
(dimethyl formamide), DMAc (dimethylacetamide)E 4] )%
5= v A fvli(aprotic solvent)x= PRe|| tjgh g-3)4o]
FOUR ol F3HEef oA wreld PRS EaiAA AF 1}
AollA F2 dAEE PR A @ Ao A9 ERE 3
33ttt DGME  (diethylene glycol monoether), PGME
(propylene glycol monoether), PGMEA(propylene glycol
monoether acetate), IPA (isopropyl alcohol)2A] thE %=
47 &Al(protic solvent)= F715te] @ SFREZA 7Y
T Sl o3k &4lo] How el g U &
Absto] o] PR3} frg] 71A) Atole] F3te| Aoz %,
gall, ute] 282 S=F PR djgt &84S =olu &7
shghEol 9JsiA vhelE PRE gafA1Zich e e Augey
O QM Aol ShstE A Bl FE Ay

okt
o
ofp 4
s
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=
o
okl
ot
2
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© PR A5 @2 A9} whelago] Soigkdnt. Phenol,
triazole, o}R1A] FRAFZA thiEE WAAlE A2, A
B2 o]guE Ex4 FEHUHAL AN, Ag) F-2 W], {2
71Ae| EE PRYFEHN ETE v[HA A, PR §34 &
AE 5AoF o]gdr) ¥ PR AEZHAE §7)4AE A9
st 7hwske PR, w#3=A] & PR, 384 54 FFA
(dimeric photo-active compound) 5% X&Fo| gl
TFT-LCD A& F4elx uiEd PR A= Hoh2 o
A HAVIE X Al geiA A HEEH L JIARE &
7+ g ol A tigke] CO: B fost &zt oA AR
Q18 X) 23t FA, AHEAAR ] S E Ieh
o] gl WA, e Al v, 37k {7184 7 wiiel
PR ~Eglso] A4 olgel Mg Wows UTHL
Ao, Fu o7, Fi T PRlo] EuHI Urk FFE
PR ¥4 28, A §7184, 14 F7]1 &A% FA4H
o] gl PR ~AEZ Y wdozrnE FA o IxHe=z
AP PR ALE AAS & Aulg /7184, 1Hd 771
A =A2 BEsta HFHOR 4 PR AEH 2440
2 84 BEE AAM QY PR AEZHE PR AEZH ¥
Hom L)L wllol. Fejste] 7 PR A=
Aol A%e FHe welvel oJat FHE Aslsn 84
BF ALBALRE FAsh Reu] 98 PR HHEY
S50189) Be) ARL ARAT] ol gHE Relnel ¥4
Zo| Ay APRAT FERTE M ARAQ TS
10 atm, &2 30% A2 R Yok Faiga A
Aot F83 A9 & AE I uf9- @& PR
FE (<500 ppm)7} 24 HEE 155 PR AHFES
PR AEZY Hg7&2E AE AYa ok wet
A o2 PR 2EGHY A AT e T/RE THL
o]Fo] A 3L YUTH5-10]. o)d3} o] FAlHow wit 7
3 2kl A 7l PR 2EZH ] e &3 882 i)
3t HAZH PR AEEH g B3 S5/ 24
gk Y f7)8A ol st 24 Soll dist AFAHA A
aE AR AFelrt £ =g TFI-LCD ofyo] 7|3
ZFANA wEEEs PR AEdY #HACIHE IEE
NMPs} BDG (butyldiglycol) 3152 93 58l 7#0.9) =
R34 ALE BuT AR B0 S8 4847 759
ZRIAE o848 PR AEaH o ZHAY Asolo.
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Table 1. Classification of organic solvents used in photoresist strippers

Ingredients

Compounds

ne Oxymethylamine

Aprotic solvents

Glycol ethers
(Protic solvents)

Anti-corrosion

Alkylamine, Alkanolamine, Tertiary ammonium, Tertiary cyclic amine, Alkoxyamine,

NMP, DMF, DMAc, DMSO, y-Butyrolactone

DGME, MDG, BDG, EDG, PGMEA, DPGME, DEGBE DEGEE, DEGME, IPA

Phenol, Cresol, Xylenol, Sorbitol, Triazole, Amine polymer (Polyvinylamine,

agents Polyarylamine, Polyethylene imine)
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PR 2E2|HE FASH: R718419 o8, &4 45 ¢
FHe PR AR A5AEE 2HRY) 93 g v
WE A S 0] 8313tk Table 2= PR AE2W S 743}
¥ #7144, DNQ dimer (diazo-naphthoquinone, ©]&}
DNQ), 7twd g€ PR, =35 o4& PRe] thgh g3 v
7 4(solubility parameter)E ebd 7ot} Hildebrandol
Jaix e EE W AAdel Bz dE
e85 HAREE 84 WS st Salx v
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WARE, Sne FAEYE ST Whuselth 24©2)e 74
she 7A7ke) gale M pASE AEES PASE B9 72
$E 7F 7199¥(group contribution method)e] )3 #|
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21(3)o A Fa, Fp, Ens ZH2F BAFIE  7}oj(dispersion
attraction contribution), =] <912} 7]o] (polar attraction
contribution), =2~ 3} 7]o§ (hydrogen bonding contribution)
24 @Y= Jl/2cm3/2/mol olth (3 ZRE L= w/pA
FE A7) JeiA BEA Bad B4 E¥-9)(em’/mol)
= Schroeder methodZ AAFEFTH14-16]. Schroeder
method= F=HoA 2795 AFe] YA ol &E&
Aoz E Aol =FEHA 2 Novola/DNQ, 7+w A
% Novolac, DNQ dimer?] E8iu&= £405 24271 4y
A A gormE et RYH EAAE A5 F e
Schroeder method g} 7Z+H& WhHo] H g &)

Van Krevelen 5& 5 EAzke] A4 5} o]
st7] AsiA AME x8 5= Sl Wiz i}% el
At F AR i9]rj91 S w77} 5o
%@S ME EFE 7FeAol ok

|

2

w= [, =5, F+(8. 6.7 )

(IR

A@lA s FH oE vl HG)E ALt

Ad, = /& +E (5)

Table 2] Yepfiglzo]l £& Alelstal PR 2EZH
& T 771849 DNQ, 7t AdEE PR, 3 EH A o
< PRe| &St wi7fis Aol 5 olui® E3E + Utk
Table 32 2)(5)el <3 AR PR AEe]5 & 74 e
£ 49 DNQ, 7t dstel PR, =FFA] o2 PR Zk7tof| 1
o S WA Ao viehd Zolck S5 RS
o) ZHE PR S PRFY &3 7FeAol =2 F71&
A= BDG2} NMPo|t}. 7w g Novolacy} g3) 7154
o] &2 {7184l BDGolty. DNQg &3 7ol &&
£-7]14-41= BDG9 MEA(Monoethanol amine)o|th 2] &
o] Hl 2 3}3HE(glycol ethers)e] BDGE 2 7ba} w3d & A 5
= oole] e dialN w2 &3 7heAde vehia ok
NMP =357 o2 PR, MEAS o3 5 B3 A2

Table 2. Solubility parameters of chemical compounds

Compound SV" Solubility parameters’ (MPa"’)
(cm’/mol}) 64 5, &n & §

Unexposed Photoresist 931 15.6 2.4 11.2 15.8 19.4
DNQ dimer 924 14.0 3.4 9.7 14.4 173
Cross-linked Novolak 742 10.9 1.7 9.0 11.0 14.2
MEA 77 11.8 7.0 17.3 13.8 22.1
BDG 196 13.9 3.9 11.5 14.0 18.4
NMP 112 13.8 9.9 7.9 16.9 18.7
Water - 12.2 22.8 40.4 259 479

a: Schroeder's method
b: Hoftyzer-Van Krevelen method
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Table 3. Estimated values of solubility parameter difference
(A8) between photoresist stripper, unexposed
photoresist, DNQ dimer, cross-linked photoresist
and organic solvents

MEA BDG NMP Water
Unexposed ¢ 4 1.82 351 30.87
Photoresist
DNQ dimer 0.64 5.83 9.77 25.76
Cross-linked
Novolak 8.76 3.90 6.00 34.74

AFE(indene-1-carboxylic acid)e] =
BT glek FelEelH e dxrgoh E3Ee] PR Axe]
HE A 71842 /g 28 1980dd] Zolv). 2
EolEH 2 33HE3} NMP &3l w7 o) ofsfiA 041—’%
g ST FAFeHA FEa ARE, PR 1A 48E Al
A87] 91 PR 23] QROE ol 5T gtk

< &3 74 E Ve

lmlﬂ

2.2. PR AE2|H WAL ZRE 2 57 ¥ 2% oS

& ATolA4 PR AE2HE 7431 MEA,
IPA, BDG, NMP, HoO¢j] )3} Z£7)3}2 Antoine 20 2 7|
s AshE vbebd Zlo]tH17-22]). 80T A MEAS] F7|1¢}
]l 0.53 atm & 7|22 80T |4 IPA, HoO, MEA, 1607 o
2] NMP¢} MEA, 200 C oA NMPg} BDG7Fe) %79} x}o)
7FEAE G T Uk ERE Y] 3] A 73T vle)
2AoE Qe A ] 21 AAEL ofHAN 5V
o Apel2HE SR 227 diEbdo® 80T} 200T, FHF
ol 1 atm((EE A oZ 449 A% EFEY a7t
o) Fech Antoine Ao g F7| FX= dow P

Figure 12
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Figure 1. Vapor pressure of organic solvents as a function
of temperature [17-22].
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4

25 WY 80 ~ 200C, BDGS} Z4z7te] 7184
FE-g ot Lo g A 7HFEIE Wl MEA, IPA, NMP, =9
3k Al 3k E(relative volatility)Z &%9] 2 Vel A
olth. &5 9] 80 ~ 200°C oA E-& At 3|w7) 70 ~ 200,
IPAS= AFUJ3|H= 7} 20 ~ 7100]ch. MEAX 80C o)A 71, 16
0CollA 8o]w NMPi= 80Col|A] 6, 140 Coldellx 30 79|
A3 3hg ZHeth wEbd AR 7] 3R 34 Y vlol A
& TSk AFes W3R G & o, IPA, 2, MEA,
NMPE 160C ofstoA F2l7F fA dofjd & & Aotk

34
3.1, A =
WA o) == TFT-LCD ojglo] 7% AZxZA
&5 = PR 2B HHe 374 o wet AWE /7]
obl, B =4 & ul(NMP, DMAc, DMF), )= =
) £u(BDG, PGMEA, PGME), ¥ A2 FAE o] 9= o
& B A EA EFECITh B ATelAe H EAY
AZFE PR AEZY #HAE 33 ste] B S
B A 545it) Table 4= AX}S) BAMOA Q1<s¥) PR AE @]
HAo] 2L vERR o)t} Type A PR AEE]H #H o9
£-7141= NMP, BDG, IPA, PRE FAEo] Ila1, Type
B PR AEd ¥ #HA9 §7]4uj= NMP, BDG, MEA, PRZ
T ASE sl

PR AEgH #Aof 2 e M AR & g
W 7] g AAS] fste] Fd W S35 24l gt
Axe 48E Rk FA AR 1 2

:

1000

—e— MEA
—=— [PA

—a— NMP
—e— HpO
100

10 7

Vapor pressure (mmHg)

1 T T T T
80 120 160 200 240 280
Temperature (°C)

Figure 2. Variation of relative volatility as a function of
temperature based on BDG (butyldiglycol)
vapor pressure [17-22].
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1690 Mircoprocessgl Controlier:
Vacuum control
Vacuum Display
Heating Rate
Reflux ratio
Equilibratin Time
Cut temp.

Auto fraction colleftor
Safety Control
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(' STAINLESS STEEL *+ Packed Column:
1 1001 POT FLASK 100 cm X 2 each
Int. Dig. = 100 mm
""""""""" Propak Packing

(6000 - 11000 watts) 15-30 Theoretical Plates

Slinin
Hedoling Montie
Figure 3. The distillation apparatus used in this work.

skl FHES stainless steel A2 2] 325 mesh (40 ;m)
HZA AASAL Type A2 HAEY ke 1A Wz T
0.2 wi%, 2A| 7+ B3] 3 0.5 wit%o et 12417 A3 5.9) 3

glo) simstel Amgo] Awkel AHlz LAUs|H, o2kl
o] 0.0012 m (ARA} 71 & T Aol FFHL

o
spinning W =o]w ZE7Y URe) LAH AuHEs o 4

AE S A4 PR AEH H N2 oF 0.7 wt%o] it} Type
Be] ALY 2 1N WA & #A] PR AEEy] Hde
0.3 wt%, 247+ ¥3] & 0.8 wide, 12417} 73} T ok 0.9 wi%
olith AP AFARFE FHAZEe] 2417 o j Y ) AA
AES] 80% FE APt T2 22 B ARAME PR AE
29 JAAE AA AN 207 nAsFT) A AES A
A7) 98] Type A9 PR AE@H #HHL 20% NaOH <=
oz Asietk AYEE FHE L 0.08-0.1 wi%F
Toltk F3F MEolA A E FHAE e

8 vaix] AiE o R 2L ofoln B Ao &
3 M= our) gle Aoz duE)

Figure 3.& 2 olox PR AEEH mlHe] AYS 3
A ol4® ZF4X(B/R Instrument Co., Model B/R 9600
spinning band distillation system)oit}. 5% Ztglo] =21}

¥ol: 247t 0.21 m, 0.9 mo 3, &7 g A A2 H o]

1O

9] Teflon 2] ¥-0] helix He|Z F2t5]o] 9l Teflon E-o] 7
zZEo] ol HHZA A AdgE A gdHzEAIAq, 7]
BoR &P F71EAE SHFEANA JFoR ) A%
$57)9 FenrE, FAFOR TAGATH

PR ~EzH #d 2 QX TPl g3f g8 &l o
Fo BAY A4S b3 gk do 1 3)5E 7718419
T+ GC(gas chromatograph, Model Acme 600, J#%x}
8k, HP-5 capillary columm)2 43} 01, 2212 93 2
L EEIAS 27|25 80T (AFAIZ - Omin), $2&4%
0C/min, #F % 200C(HAF Azt : 10min)2 AP &3}
3 ke ASTM D 1364-64 ¥ 2 A18-3l¢] Coulometric
Karl Fisher Titrator (GRS2000, G.R. Scientific)2 FA13}9]
t}. PR & E42  UV/Vis Absorption Spectrometer
(8-3100, SCINCO)E ARgato] Atk S5 #4412
ppb @HAEA A AL A FUT ARl diste] =
e} o] A galel SJ=atink 417171 1CP-Mass
Spectrometer (ELAN6100, PERKIN-ELMER SCIEX)3it}.
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Color grade A|E-2 ASTM D 1209-69 A)&H o] ¢]&}o3 Colorimeter
(OME-2000, NIPPON DENSHOKU) =4 3}%ic}.

-

. E A E2
4.1, ZEEHES 0|88 n&: RIIEH 225 HE

Table 494 vtebd A4 PR AEg]s #Ho o) F 240
&= = BAF &9 (Table 5)S A|xz3to] £ AFoA o]l4d
20E FRAAAZAN {7140 g5 e HESA
ol A4 FHEF 48 1 atm)o A g o) ¥ dne
L 25 170 ~ 200C oA THF @Y 54
FE TFFS type A ZAMEN H$ 3.3 wi%,
type B TALE MO AL 1.6 wi%o|glty. TFT-LCD o] o]
713 9L WEEA o] 2] PR whe] 3ol o] &FH = 57]8u
T o] 0.1 wl A& 7k SR (T 4E
L atm)e] o]siA 8-S Ad AALE BEbs3 A ¥
#rk PR ~AEgH Fde I3
£ 8(Cr, Ta, Mo ¥), 718X
o] |
£ dovl= AoE 434 vk £3 MEAE OH o)
<184 Hoffmann ¥+, Zaitsev §--2-, ¥-2} 7+ A A 3}t
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Table 4. Composition of typical waste PR stripper solutions

PR Composition (wt%)
stripper  NMP BDG MEA IPA H,0 PR Unknowns

Type A 298 549 - 21 109 23 03
Type B 201 596 79 - 105 19 0.2

Table 5. Formulation of model strippers

Model Composition (wt%)
solutions  NMP  BDG ~ MEA IPA H,O
Type A 30 55 - 2 13
Type B 20 8 60 2 10

gy FEAH 3, vigolnl o2 FPTH23-24]. 5 9]
23 OH o] 23] #auke-g 4o ksl &
= NMP o2 Qe PR AEZH #H A2 il
© RAFsnE S HE B AEE SR
Table 62 PR AEZ|H FAF §d9] 7QME:F
vhebd Aoltk 57 ¢ee] 0.11 atm o]3to]H 3
=5

Rog, B AFME FH &S 013 amo 2 24313
t}. #@F1](Reflux Ratio: Reflux Rate/Draw Rate) 10, pot
flask 2% 25 ~ 45C oA A EA(H:0, IPA)O] {55
21, pot flask &% 100 ~ 160°C o] A] NMP, BDG, MEA7}
3 FEE0 FHAZ2EA FFEUTE Type AojA 3]
29 8780 &5 NMP+BDG 99.65%, <=3 0.08%, IPA
0.03%, type BelAl 3|48 {7]18v &% NMP+BDG+
MEA 99.56%, 2=%- 0.06%, IPA 0.05%0]2]t}. 2L pot flask &
S9} A 749 Z27)0iA vldo] w2 IPAS} HoO7} FAlof| ThE
T4 f71EARRE QA AAR & MEA, NMP, BDGS}
IPA, HyO 23HE7ke] 3] PAo] §irhs A vjsh, IPASL
29| A|7)2 A5A PR AEHRRE 155 471408 A
How g8 4 v 7FeAo) H5E Anjsich BA}L gollof
3t ZA4SH AP ANE upo 2 A PR AER|H #Hdog
RE 15 471808 d5a] A% SRAES A8

4.2. HUORHE 12t Q7IEH &4

A 222 F3) X AsiA MR 84 Aol
AAY AA PR ~AEzy #HHo2RE &, IPA, MEA 5 A
v E4& H7F 240 Restaat S ¢ES 0.13 atm®z
4gskelar, BFbl(reflux ratio)s £d WIFE AA T
T3 E¥ £ 2 BDGS NMPE 348 9=
93l A ARE AR HEH A 7Hequilibration time)S
REZYUSFR gt Ryl g SR 489S stk
Figure 4+= type A9} type Bl tjgt &4 A ENAN +ET

uj IPAS}H 29| e 0.1 wt% o]3i7H4] ZHAadhe HojFa
it} Figure 5+ AA PR 2E2]H type As} type B 3| o]
thal A @5 Wale] w2 A BDGS NMP 55 vebd
Zoltk. A4E NMP= FEA|Zto] 3088 BAFE of &7

Table 6. Distillation condition for the model strippers

. Atmospheric distillation Vacuum distillation
Conditions
Type A Type B Type A & Type B
Pressure (atm) 1 1 0.13
Cooling water temp. (C) 3.1 - 4.6 3.1 - 4.6 -
Reflux ratio 10 10 10
\ 20 - 45 (IPA, H,O)
Pot flask temp. (C) 114 - 171 117 - 201 100 - 160(MEA,NMP,BDG)
Column head temp. (C) 95 - 98.3 94 - 97.7 -
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0.3

100 p—u—an

—_ —o— H,O0[type A]

=

S —o— IPA [type A]

Z e H,0[typeB] 90

g 02 - —=— IPA [type B —~

= 2
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£ E
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> —— BDG [Equilibration time = 5 min]

g —— BDG [Equilibration time = 10 min]

o, 60 —O— NMP [Equilibration time = 10 min]

k= —@— NMP [Equilibration time = 30 min]
—&— NMP [Equilibration time = 50 min]

0.0 T — T T T 50 4 T T 1 T
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Figure 4. Variation of IPA and water concentration in Figure 5. Purity of regenerated BMG and NMP as a
distillate as a function of reflux ratio at constant function of reflux ratio at constant pressure of
pressure of 0.13 MPa (open circle : type A, 0.13 MPa (open circle : type A, solid circle :
solid circle : type B). type B).

H]7} PR ~E2] 5 #H 9 type As} # o) type B 25 NMP = A9 270lA (Figure 5), BDG2] 9= &71]7} 2, HH
T 99% o) dolsith. NMP7F AlAE PR AEDH Fojos A7 10gez A" 244 2 AT Fx £E
e 258 BDGE BHAZ @Fulo] BA0] £EE 99.5% 470 TRFL & 5 Igith whe] type B 3 e
99 % o] ’Folgitk. PR AE5 type A ¥ type B eh3] 5ol 2534 27L& NMPe) 29+ 8507} 10, FHAIF 608
o 2RE 14E NMPsE BDGE 2zt AA Ay A T8 3 oA}, BDGE] A9 350171 2, BHAZE 108 2704 2
Fad Mard BEANT SF0e 221 HAd o F4d 7te] 27t 99.5%) Egdhs Jlow AT F AR
NMP gl BDG] & ®g} F0]5 Table 7 3} 8 &2}t BT R FEE 01 wi% olsh, MEAPHA)= ZH2 15,
ok 2 FReel 9 sleEe A NMP, BDGS] ¢+ 20(BDG 7% 17, 31), Nag A| 9|3t -2 &4 i 1
gvlel s AA FHeEm, FY dF0 24Y e TF ppb olatE WHEA fo]#§ AEYH Az ALET 3l
ool ROl EEe TN FE YL woh QA $A% £ $EQS FASAT Na2) B¢ AL 200 ppb, B B
AN €E7F SRS FAL 5 ATk Type Aol gle] A% 268 ppbE APAEF F ABETIol F9 A ®
TH 22, NMPY] 7.9 87071 10, HPA|7F 50802 v 4 ADY B FrYR QR & 5 ARERY 44 2
Table 7. Distillation conditions for the PR stripper type A
Conditions Results
Fraction # Equilibration Reflux ratio Purit}(’%f)’ féhcs)t illace c\(’)(;att:rl;t
time {mir) NMP BDG (%)
Cut-I (H;O, IPA) S 2 - - Residue : 0.08
@ 20 5 97.80 2.1 0.05
@ 20 10 99.39 0.5 -
(lc\?;g ® 30 10 99.43 0.5 -
@ 40 10 99.54 0.4 -
©® 50 10 99.68 0.2 0.04
@ 10 1 0.4 99.52 -
Cut-HII
@ 10 2 0.2 99.71 -
Cut-IV (residue) Heavy components (photoresists, metal, etc.)
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Table 8. Distillation condition for the PR stripper type B

Conditions Results
. Purity of distillate
Fraction # Ec.luilibrat'ion Reﬂ.ux (%, GC) c\::;it::t
time [min] ratio
NMP BDG (%)
Cut-I (H,O, IPA, MEA) 40 10 - - Residue : 0.06
@ 20 5 97.87 1.9 0.06
@ 20 10 99.28 0.5
Cut-II ©) 40 5 98.75 1.1
(NMP) @ 40 10 99.51 0.3
® 60 5 99.12 0.7
® 60 10 99.59 0.2
D) 10 1 0.3 99.53 0.05
Cut-II1
@ 10 2 0.2 99.67
Cut-IV (residue) Heavy components (photoresists, metal, etc.)

Table 9. Operating conditions for recovery of high-purity NMIP and BDG from waste photoresist

strippers
Distillation condition Type A Type B
Fore cut NMP BDG Fore cut NMP BDG
Equilibration time (min) 5 50 10 40 60 10
Reflux ratio 2 10 2 10 10 2
Pressure (atm) 0.13 0.13 0.13 0.13 0.13 0.13
Column head temp. () 43-49 125-142 149-158 43-111 120-139 148-160

A, EABE Hobgol Y] GROT AuY S8
7} o799tk PR 2EZ 5 HHA 9 B g CZRE
Tl ARERE SFRAGA ol83ske] PR AEEH Axg
AR 758t 1 e NMPs} BDGE 358 5 9
$39 H4 AYx0S Table 99 Felsigith. NMPe
BDGS| 3)%:82 A €9]¢] 24<S NMP 96% BDG 53%, B
et el 739 NMP 93%, BDG 57%0]3l v 58 #of oF
& 25.7, 25.8%0]3tt. i #H Ao o] NMP g o5
0.1 %]t} Figure 62 PR ~E |3 type A9} type Bol|A
A NMPS| UV-VIS A3 =88 teh 5lo]h. UV-VIS
AHE 0 ZHE] 300 oA 400 nm Afo]e] &4= wabhr}
A3 AZHA e AHIEFE 8" NMPoA z57E o
e PR WAEL A3 gl Ao A ho25].

rir ”
g o M

ol [o

.2 8

e o) W TFT-LCD A= ZA oA W= PR
AEZY AQowiy {7]8A42 NMPs} BDGE W41
2TEZE R AP PR AFFHEAE o838t ¥
AACEE PR 2B 418 22317 FEo2 Aot
2 SR 0.137]%, 24 2% (Pot flask temperature)= &

—&— NMP [99.5%]
—=— Type A

—0— Type B

—a— Type A (purified)
Type B (purified)

Absorbance (a.u.)

H\I\HIH\HIH\IHIH\IHJHI\UHHHHIHMIN

200 250 300 350 400

Wavelength (nm)

Figure 6. UV-spectra of regenerated NMP and waste
PR strippers.
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