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HEEA] F oA wjEE= ¥ LEYAAE AEZH(photoresist stripper) 2] 53791 NMP (N-methyl-
pyrrolodione)?} BDG (Butyldiglyco) S 3|55l A&EE HHo7 Xy AFMMTEAAB(spinning
band system)o] 2= o] QI JAFSTHRAAE olgste] AFAUA 7R THAPS FH3rE AAE
NMP¢} BDGE] £k XEYAAE AEYHE &4 7E 24X €5 99.5% o)dollaL 42 1000
ppm ©J3}, ME(APHA) 50 o3l YEF Adi-S AlQlst tiF2] 95452 1 ppb o3t= HIEAE ~E
23 g8 Az ALLEL F e FEYS FASSITE NMPS} BDGO] 3582 PR AEE Y N A
E}e]e] A$ NMP 96%, BDG 53%, B B}l ¢ NMP 93%, BDG 57%°|3lth

FAlo: TEHAAE ~EQ Y, 745, 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..
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H ITAY 9 WA abglo] wlopA 0w Wb gt wet
TFI-LCD & ¥ A8 Alx=o] F7kskal, whebA, Al
23 NA wiEEE 17 w5 S7FE L Sk
53] TFT-LCD ofgo] 7% Alx3d T PR vfe]g7dolA

AlolE di"l |43 559 A2 3 A9 PR, vF] RE,
ol &4, WA B4 AASH] A% PR AEz|H(photoresist
stripper) €N 0 7 A2 5= f7]4mE= A7 oF 30,000%=0
Ol WAl FoA S T e MEE AT Ak o
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PR 22134 o % 5|5kashing) 4217 AT, 471543}
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Fr718A 2k PRE] 7hd 7 Fafiol o3t =3 EEWA 1
2 24, 55 AHE A EEk Table 12 ARl
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b agollA dizke] COp g3t Fetst Azt o qA] 4
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Table 1. Classification of organic solvents used in photoresist strippers

Ingredients

Compounds

e Oxymethylamine

Aprotic solvents

Glycol ethers
(Protic solvents)

Anti-corrosion

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

NMP, DMF, DMA¢, DMSO, y-Butyrolactone

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

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

agents Polyarylamine, Polyethylene imine)
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2.1. PR 238l 4d=0t R7I18H Ht3
PR 2EZHE P4 7718419 o8, &4 i &
S PR A 4588 AT S04 $aE o)
G FAPHS ol 8315t Table 2 PR AE2]512 753}
#7144, DNQ dimer (diazo-naphthoquinone, ©]3}
DNQ), 7} A3 PR, 33 %A] ok PRof| tjsh g% uf
7§ ¥ <=(solubility parameter)S LEFH 70|t} Hildebrand o
oA Held galE wiZfATE Aol A A s
285 BARHE &4 wiiaTE ugith el wizAs
T FUS 259} FAT EHo] o] d7A g AA L] Y-l
VAR ZA A7} go] EARCHILI]

_ U _ AU ¢
i=Ve=y=5 =\ — (1

AMelA 6 gllE wiHE, Ce SHUA d:
(cohesive energy density, | - cm¥mol®), U ] B U)o
UA], Vi 559, AULct 7]81Ee]lt}. Hildebrand parameter
= w2t S ERE 5 ol /4 4B el o 1]
A, 0S4, AT SEE SR, Hansen S

fr & du

A@)eh 22 =4, WIS, Fad el 9% deagol
x3he Ballw TS =Skl

5= /0y +0.+6; 2

A@)elA o= PISA % wiiEE, 55 54 &%
MAES, 6hie TAEAYE ST Mgty A@s 74
sk Z47He] gl mizW s shtes T e B
ZHE IF 7]9I¥(group contribution method)e] 2]}
ATl B ool A= 21(3)2] Hoftyzer-Van Krevelen WHH
& ol gstel Autatsit

YR, VSR . [5E
R 3)
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213yl Fa, Fp, Exe Z42F 2AkIE 7]od(dispersion
attraction contribution), =] <12 7]o] (polar attraction
contribution), $4A% 7197 (hydrogen bonding contribution)
24 2913 [Pan™/mol o]tk 2(3) 02 &3 vz
S5 F43) M wtEAl Fed E491 E5-1)(om’/mol)
= Schroeder method® #A|XF38}%tH14-16]. Schroeder
method = FEHANA BEFIE S8 YA ol &=
Aog B AFox w=33¥x] 92 Novolao/DNQ, 7}w s
¥ Novolac, DNQ dimer?] E%-3]&= 531 EAIX]7} <
A A orw gEtxENE EAAE A5E F e
Schroeder method$} 7+ Hlo] I 9 s}l

=
Van Krevelen &2 7 £43t0 A3 &3 7Feide o=
at7] S AR 2d¥= Sallx miiEs 2= A ost

ek F AR ish jo E ARSIl sols o)
BAe M2 £99 7Fs4e] Frh

Ay= \/(5(/ 751;.1)2 +(3, 7511.*)2 €

J

A@elA 6= Fu] oF wizRgoln A(5)2 ALtE Tk

A, =6 +0 (5)

Table 20 YetfSI=Z0] =& A2lstil PR ~EZ]H
& 43 718715 DNQ, HdRE PR, 4HA o
& PRE) B uS Aol 5 ol £3d 4 ek
Table 32 2](5)] &3 AxtE PR ~EZHE 5= 771
4419} DNQ, 7hid el PR, =3E]%] ¢h2- PRO| 21z} o
g gl viZiwg 2lolE vrEbd Aolth &l wiiEe
Aol 2 el A ke PRo 89l ol B §718
A= BDGSF NMPolt}, 7twZAsteE Novolacd §3) 7154
o] &2 #7184 BDGO|t:. DNQO} &3l 7hs/do] =2
7184+ BDG2} MEA(Monoethanol amine)o|t}. 223
ofl = 5 glycol ethers)?) BDGE A2k} w4 5 445
= o] Al diEiA =2 &8l 7FsAdE vER L itk
NMP= 23357 92 PR, MEAE =% & #HAE] = 373

Table 2. Solubility parameters of chemical compounds

1/2

Compound ya Solubility parametersb (MPa )
(cm’/mol}) 8a & & 5, &

Unexposed Photoresist 931 15.6 2.4 11.2 15.8 19.4
DNQ dimer 924 14.0 3.4 9.7 14.4 17.3
Cross-linked Novolak 742 10.9 1.7 9.0 11.0 14.2
MEA 77 11.8 7.0 17.3 13.8 221
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 47.9

a: Schroeder's method
b: Hoftyzer-Van Krevelen method
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Table 3. Estimated values of solubility parameter difference
(AS8) between photoresist stripper, unexposed
photoresist, DNQ dimer, cross-linked photoresist
and organic solvents

MEA BDG NMP Water
Unexposed 6.44 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
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A A3bE vrebd Zlolti{17-22]. 80°C ol MEAS] F7]%
ol 0.53 atmS 7]FC 2 80°C oA IPA, HyO, MEA, 160 9
A NMP$} MEA, 200 oA NMP$} BDG7Fe] 57]¢ 2}o)
7V RS S vk £ 7] 3] 34 7Fsd 7 v)o]
Ao E QA At ] &R0 A o {A R F

Aol 2HE T 257F tiFA o® 80T 9} 200C, Tt
o] 1 atm(BTEs 7ohow A A 7S Ta3kErle] Byv)
/\o

o)
H
o)
H = —

Atk Antoine o % 719 FAE o AP

o

1600

—e— MEA
1 —=— [PA

) —o— BDG

% 1200 - A NMP

g | —— H,0

p—

(D]

$—

3 800 -

175]

(0]

S .

o

1)

8. 400 -

<

> -

0 T T T
0 50 100 150 200 250

Temperature (°C)

Figure 1. Vapor pressure of organic solvents as a function
of temperature [17-22].
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3.4 &
3.1, A M=
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o}l H]ekA vg =4 &uj(NMP, DMAc, DMF), S¥d=214 =
2] g1|(BDG, PGMEA, PGME), 2412 A5 o] 9l v
G BT T EA EFEClY & Aol A By
AZFE PR AEZY #HAS 3t Ysto] B S
25190tk Table 4= AALS} BAFOA] 9]4¥ PR ~E |3
g o] 2/4d& vehd Zlolth Type A PR AE2]H <9
£7]41= NMP, BDG, IPA, PRE A ¥ o] 919111, Type
B PR ~Eg]¥ #o9] {7]8l= NMP, BDG, MEA, PR%
:F_klglo‘] 012._% i]—o]g}‘oﬂ];}‘
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Figure 2. Variation of relative volatility as a function of
temperature based on BDG (butyldiglycol)
vapor pressure [17-22].
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Figure 3. The distillation apparatus used in this work.
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ol APAFARTH AR o] 2413 oy W HA] 3
A& 80% = AAE I B2 B AFo|AE= PR AE
gy FHE AA AFE 241702 vgsdnh A RS A
Asl7] $lel Type AS] PR AEg]H #H 98 20% NaOH
gNoz Aesdct. A= HAHE 2 0.08-0.1 wi%T

Rolth. Foh Aol Y= BAF P deuo] Qi
R HIEA YA R e golr] B ATFANE F

3t Al gurt gle Aow dddEnh
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Figure $& B 7014 PR A9 Hole] A4S 9
A o] g% =7F42|(B/R Instrument Co., Model B/R 9600
=i 2] A5
O T L %]

Sew g A Ao

MEER Y U

spinning band distillation system)©]t}.

9ol 212} 0.21 m, 0.9 mo] 1,

]
ol 0.0012 m (A2} 7| &AM oItk ERAHS
spinning WIEoln] ZFHAY V5o I Axwe
o] Teflon ]3] helix #E| % 3-2Heo} g

o] Q= FeA AT AU 9% FHRAAAY, 7]
HOoR SHE F71BAS $HAA WO H5H) 93

4%+ GC(gas chromatograph, Model Acme 600, @3}
8k HP-5 capillary column)Z £A135}% o, £X4-& 9]3F &
T EZIRE 2725 80°C (HFAIZE : Omin), 2455

0°C/min, HZL &% 200°C (AT AlZF: 10min) 2 A A5} Th
7 skeEe ASTM D 1364-64 918 A12-5Fo] Coulometric
Karl Fisher Titrator (GRS2000, G.R. Scientific) 2 #4135}
t}. PR 33k 412 UV/Vis Absorption Spectrometer
(8-3100, SCINCO)E AHgate] A3t a5 412
ppb V1A AT BAE S84 AT AR thste] =
Uik Qle] AEA Aol SZETk #41717) ICP-Mass
Spectrometer (ELAN6100, PERKIN-ELMER SCIEX) %t
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Color grade A3 ASTM D 1209-69 AJ&He] £]5}¢] Colorimeter
(OME-2000, NIPPON DENSHOKU)=Z =4 3}9it}.

4, Zdy U ER

8AS 0|83 1&x R7I8H 22ls UE

1 LERd A PR 2E2] 9 wole] g 2o
O35 = BAF §l(Table 5)S A|z2ake] B AgoA o] g%

FAANZA G718 35 7FeA S HES
3+ 1 amm)ol A F=aE ofu] Agdnz
Z5 170 ~ 200C oA FHE BelA 359
T TH type A BARENS] A4 3.3 wi%,
type B EARENO] A4 1.6 wi%o]ltl. TFT-LCD ©]#|9]
713 9 A Sjlo]# 9] PR v g Aol o] &5 = #7718

oN

T Tl 0.1 wi%R! A& ARbehd AT (T oY
1 atm)of] 9J&|A] G5 A A A= Brbsd ZAos v
drk PR 2EH # AL 27k gy ol ] s =
£33(Cr, Ta, Mo 5), w4 S, 1718417 234 &
Elo]m {7144 FellA] NMPE 260°C o) dollx] H2 3 23
= dovle Alow dHA Stk 3 MEAE OHOlR 0%
Q1A Hoffmann HF-S, Zaitsev ¥k, -2} 7F Al A wrgo 7

Table 4. Composition of typical waste PR stripper solutions

PR Composition (wt9%)
stripper NMP BDG MEA IPA H,0 PR Unknowns

Type A 298 549 - 21 109 23 0.3
Type B 201 596 79 - 105 1.9 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

Qlajr TEL |, wdolyl oz e ri23-24]. F% |
23 OH ¢ 93l EalukgS doZ 7Me/do] ¥ MEA =
= NMP AR 07 Qajx] PR AEZH #HHo] 1.8 AR
= FAT R SRR B AYE SRSt
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RorE, & Aol E TR S 018 aim o2 24
t}. 3R] (Reflux Ratio: Reflux Rate/Draw Rate) 10, pot
flask &% 25 ~ 45C A Av]H EZ(H:0, IPAYO| F-ZF|
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IPA, HoO E3HE11e] 2] /o] glvk= 25 SJv|ahd, TPAS)
=9 AARZ JsiA] PR AEZHENH 1% {7]80E 7PE
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st Ik AEATE v o E 24 PR ~Eg|H HoR
FH IR f718WE 3gsk] gk SRAEE stk
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N

4.2, YHO=RH Nk RIIEM 2l
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S
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BN O po o mx, N b
o
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K

E o
B

A
Bl A& H7A 2o el TF ¢4HL 013 amE
| gFd](reflux ratio)S A WH4E A AT
T H3 52 BDGE NMPE 3|58 gl Aol =
s A ARE Az HFHA7Hequilibration time)S-
B

= oo} ghpnlel] wE SR AYS FAasith
Figure 43= type A9} type Boll gk €17 A EollA] &3
IPA 3 W3S 37|24 Uehd T80 % 377 10
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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. (TC) 114 - 171 117 - 201 100 - 160(MEANMP.BDG)
Column head temp. (C) 95 - 983 94 - 97.7 -
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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).
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Table 7. Distillation conditions for the PR stripper type A

Conditions Results
i Puri f distill 7
Fraction # Equilibrat.ion Reflux ratio urlt}(]%(? Gés)t ate c?)cnatteerit
tme (min)
NMP BDG (%)
Cut-I (H,O, IPA) 5 2 - - Residue : 0.08
D 20 5 97.80 2.1 0.05
@ 20 10 99.39 0.5 -
Cut-II
0 10 4 0. -
(NMP) ® 3 99.43 5
@ 40 10 99.54 04 -
® 50 10 99.68 0.2 0.04
D 10 1 04 99.52 ;
Cut-1II
@ 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 7
Fraction # Ec.luilibrat.ion Reﬂux t}(]%, GO) c?)cnatteerit
tme {min} ratio
NMP BDG (%)
Cut-I (H,O, JPA, MEA) 40 10 - - Residue : 0.06
D 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
@ 10 1 0.3 99.53 0.05
Cut-1II
@ 10 2 0.2 99.67

Cut-IV (residue)

Heavy components (photoresists, metal, etc.)

Table 9. Operating conditions

for recovery of high-purity NMP

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. (C) 43-49 125-142 149-158 43-111 120-139 148-160
o, EQEE Mol o7] WEew aMEH 5ud v 4
7} 2FH. PR 2529 Hol(a B B ER)ozRE B o nMpbesl
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Figure 6. UV-spectra of
PR strippers.
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