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(@] OF
i) =

+# 15+ Liquid Crystal Display (LCD) A% & 2FAISH= Propylene Glycol Monomethyl Ether Acetate (PGMEA)
HN ANLE-S 918t 27] SRS AMShe 3790 HA 208 AT 8% H A g I oR v A
£ ]85l 13} S5 Al Bottom 2=(BTM &%), Reflux &, Feed & 2! Feed 2] w2} PGMEA &l T3 %]
2 227} 22k 55 Al BTM =15, Reflux %, Feed &l b2 PGMEA &=l tst #4 2217} 34048 A3t
Atk 13} SFE TAUA F Reflux F, Feed &% B Feed #0| 0.3 QA2 AREE QL) & AT T4z
HeleAE BTM 251 917F PGMEAEZ A a5 4 Z3IQlth. wheba] #4374 2712 Feed Z 5,700 £,
Reflux & 2,500 £, BTM &% 165°C % Feed &% 130 °Co|H o]uf] o&% PGMEA T2 92.12~94.62%% AHEE|
et 24k SHEOIME Reflux o] kol B2 JS: wlX| 1 9loH, Feed ) BTM 255 J&S 1|2 Axb
2 AR tEE47d (Multicollinearity)©] Reflux =7 BTM =12 1ol 73t oF2] A=daA7) Qlof, 7 Az} &
s Al dgo] AujA]l 1zt shE AEsiglom, HA271E BTM 2% 199 °C 7|elA] H4 37 22102
Feed % 4,275 ¢ 2 Reflux & 6,200 ¢ ©]H, o] & PGMEA 352 99.0~99.5%2 AHE%] 3Tt

Abstract — The aim of this study is to obtain optimum process condition for using two tower distribution to recycle the
waste Propylene Glycol Monomethyl Ether Acetate (PGMEA) that is formed after washing LCD. The optimum process
condition for the content of PGMEA, which is dependent variable, at 1st distillation was calculated according to Bottom
temperature (BTM temperature), Reflux amount, Feed amount, Feed temperatures ,and the optimum process conditions and
optimum factors for the content of PGMEA at 2nd distillation according to Bottom temperature (BTM temperature), Reflux amount,
Feed amount, Feed temperatures. At 1st distillation, Reflux amount, Feed amount, and Feed temperature are significant
variables. However, it is found that the BTM temperature range is not significant in the range of process condition used
in this study. The optimum process conditions are based on 5700 £ of Feed amount, 2500 £ of Reflux amount, 165 °C of BTM
temperature, and 130 °C of Feed temperature. For the this condition, the predicted content of PGMEA was calculated as
92.12~94.62%. Significant factors at 2nd distillation are Reflux amount, Feed amount, and BTM temperature. Multicollinearity is
between Reflux amount and BTM temperature. BTM was omitted in the multiple regression equation because there is a strong
positive correlation between Reflux amount and BTM temperature. Base on 199 °C of BTM temperature, The optimum
process conditions are based on 4275 { of Feed amount, 6200 { of Reflux amount and 130 °C of Feed temperature. In
this condition, the predicted content of PGMEA was calculated as 99.0~99.5%.

Key words: Multiple Regression Analysis, Propylene Glycol Monomethyl Ether Acetate, Distillation Processes, Optimum
Process Conditions, Waste Organic Solvent
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Propylene Glycol Monomethyl Ether Acetate(PGMEA)+= TFT-
LCD(Thin Film Transistor Liquid Crystal Display(LCD)el| A8-5}

AL gl gk AR BAlIE TRl Zlo R A SHo Ry
E] 9J5le] ARE-gIth PGMEAY: 437 EAof vlste] $ado)
ol A om, ISP gl Feu He R S 74 o1
Wl iFoll LCDWE ofde} 7] HiERAAE 9] HaAute] s
ARl Qlom AlF G SR ARE AL Qi Al FAE A
o 33 AR AJNEY 39 IMARE o] &HTH1]
PGMEAS BI5EE 348t A= Al el of&Eshs 17t ﬂ]
Folet =l 79 ofelw3t a7te] Al kR Qlele] 25 1E
=l 7198 A1 ek o], 200678 38} ARl sl ek A
g A7t ] o] FofA|aL glom 53, Tl oF A
7)) R g3} o) ol ArbEzt 1 71ofskar it -5t
AR HelE 71 2d-83kE Holdol HA3HE Foto] drbEiE
ahA] ekomd YES] ofele- Althe]th2] J‘%’ﬁ.% AR 271
AL 3] 91k &9 ZAjdtel] % 7:‘6“* A 2 A
oA ok= EAol Fgt 7“3/\]1‘4101]*15 SEstojof & Ao
ofell, FAL fFASPHA & 5 A7) fleliMe 3 312
#H 2 gheh= A ﬂliﬂﬁﬂﬁ}.%ﬁ?ﬂlﬂ% #HA3} 7 =
T3] A 2880341

AL S5 3782 Ho2 Tl e, Adu] Ao = vkt &
ZA0% SAE 3 Qty, AAA 949 FaA 187]EEE tha
Zrol miA| 8] Bl tfgh 33211 Fhethe 21 ook Ald
ZFoll= 6M(Man, Material, Machine, Method, Measurement, Mother
QI50] 1HYIES TR B e e %
o™ Holx| oh= o] Whskal AY el ofeles AT

£ Oﬂ?ﬂ HAL Aol A8 3 AuE FH HA =
ARkl 3 WA 88 7Hsd v sl Ale ekt
cojE RIRIATF Akl FFE vIH AL AEAIE RIS
tE3l714 2] AlEolds Fele] AR 3 21s =
& Zlolth, whbA] & A= LCD TFT 34A Alg-0=
AHEEE PGMEA HS 27] S75S ARSSto] £ 99% o1
PGMEAE 3|78h= 3ot 5, A5 17]9] THES 7 52
EE-S Overhead® W73l Wlaz ©F 93% ©14°] PGMEAE Bottom
° 7 3|3lal thy S Overhead® 99% ©]42] PGMEAS
slgrato] AlEskehs e oR it AR AV oRE 37
WG AR 0P QIR BTM 215, Feed %, Feed 1%, Reflux
e AEslo] A7l PGMEA 3ol JaFS v QAR
IAhE AFEskaL A3t BE3]4S Yehiglor, o] & Edto]
BAE 1 HA o x5S Aot olo] wet SR
PGMEA?] 3}312] =/4J2 Table 13} 22t

.Emw
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2. 3|FI2MO| O|2X Hid

&5 W2l F489(dependent variable)2} |5l AME-5k
+ W41 =757 (independent variable)2] #AIE AvE3H7] 25|
Table 1. Chemical properties of PGMEA

CASNO. Flash point Boiling Point  Auto ignition Chemical Formula
108-65-6  42°C 145~147 °C 315°C CeH,,05
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3] (regression analysis)O| 2= EA12] H”ﬁ% &8st st
Le] SR xof she] FEHT 7t Qlar R Aele] A=

2ol 77k 7P ded FEle] 319E L—’Eﬁ 3 ] 23 (simple
linear regression model)°|2}3l 3T}, ST & o]l 3|AE

U413 3] 7 2.8 (multiple linear regression model)© |2}l H}(5].

21, RS2
WIS xob yboll e BETEGE A5 A7 5ol
e 7hge] AAZAE o)L gek.
A, yoh x Alolel] EAIsH B Folzl xe] @ellA yel 7]
S3ke Byt @ o

et

E() = o+ Bix W
oF e HAgA o mHE 4 9t

A, FoIX x9] FhollA yi= 713 (normal distribution)E 3t
o], B By+ Byx xoll mEpA] Wt BALE kel TAR0] A
A},

AR, SHHAF x= 22F §lo] ST = e 5785 (mathematical
variable)°|™, TERAT yi= S QA5 FHkek= g5 (random
variable)o|TF. B2 W=7 yo] S 98- AR SHolnt. 919 7MY

of| X DM RS TdsHH vha T 2t

y: = BotBixite; 2)

A7) yi= A SHE vl F, Bt B 317 B B,
x= A S4E x9] Foln, gi= A S4E yol Ao s &
EWEE MO, )9} yArel e AFaAR dyd 4 gl WA
(variability)o] o}, x}e-2 4714 Q28 Wi, O 2340
E(e)=0 ©]™ @ HTACE e~ MO, 62)01H @ SHAOE ¢ G52
E‘QOlJ_ @ SR O V(e') = V(") = o ot}

3 ()2 EFoA HAL iE wlal FEHUF) S AWgow
UrﬂMUd e 8| e ohaa 2ot

y=BotBix+e (3)
A A (1)) 28 AAolt) s 3742 y HHo|
I B 71&710Te. E(y)e o131 xgkell thst yo] 719igk, Htoltt.,

7)E

Ree] Bl Bok B2l wrol LA dvhd, ol xgkol
Sk yo gk ARkl A (DS AR Hv dAdos B
T A BR #E ARE o] ste] FTI B¢ SA%
b} b BRI ke] Bl Bof B2l Fgwkolet. 31914l A= Bt
Boll T2 FAIEC] 7kl b2t b S sk, 39 3|72 (estimated
regression equation)®] Gzt

Qe At qtﬁ%’ﬁ'ﬁﬂoﬂ/ﬂ GF 3] A S sk
q& b 555 Fig. 1o eI

2

2-2. CEMEBIFIAID] XX
AR AR fs 4 34 o A
§’= by+bx )
A7IA, b= 5 3|41 § Aol b 717 et

A} b, 718715 FAe) 18 PHow ArATENg %
B0, AR o300l y,9] 4319) B4 297 9,
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ofel= opH[EHIO]E (PGMEA) S58h= S57a-delx sl7iitate ol8st

wol e FuiE e
Sample Data
x y
Provides an estimate of X1 y1
bo, b1 are Bo, B1 x2 y2
Xn Yn
Regression model
= + X +€
Y Bo B2 Estimated regression equation
5 =
Regression equation y=bo +bix
E(y) = Bo + Bx1x '

Unknown parameter

Bo, B2

statistic
bo, ba

Fig. 1. The estimation process of simple

linear regression.

o]9] |} A FE-E HAs} AIATE bydt by FohdlE otk
EEA v vo o v TR 90, 92 90 AlO1E] AR AR
e
ielz i(YI YI) - Z(YI bO lxi)z (5)
i=1 i=1 i=1
HAARERE BAF AlEdo] HAvh MRS bo} bE gt A
(5)& HAgho] =71 S1allAl= A byt b, o] AR Fho] 00] =
ofok gk, byot by thet |t AlF e Hw)E-e v} 2t
{2
boell T Hnji = ’d:tio - 72ié)(y,.7b07b,x,.) 0 (6
{2
byell tigt AnE = 'd:bll = —Zélo(y,-—bo—blxi)xi =0 (7
21 (6)7F (7)E bt byell sl Felshd ohaa L2t
22
n i=1 i=1
DXV
1&7] by = — — =3 ®)
B
n X27 i=1
Zn:yl_blixl
y A b, = = - Zl —y b ©)
Fig. 2= Ay ol F q%k*‘
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}61 bo + b1x2
bo + b1x1 y1

> X
X1 X3

Fig. 2. Simple linear regression model.

A b+ byx,ol F gkt ASgke] A= SZO]D} 2] xellA
y-J A by+bxolth, BRF AT g2 + g2+ - + 271 F
a7h 4 uf 3|94 AESgks 7P & ek

2-3. 7478'71|—¢—(C0efﬁcient of determination: R?)

AYAS 74 8749 Ages Pk AGE 0<R<1
o] s 7?1111 1°ﬂ TR ATt Sk AAAR] FAIE AL
s]a}ste] AFARI Akm el thaiAE R gho] 025K} Sok:
gatelaL qEed). Zejsto} A slel = R glo] 0.6 014
QA9 ek,

AAE e 4 (109 2ok,

=9 = (1i=9)+—¥) (10)
2 (10)9) opRe AlFate] elakd 2] (110] A

S -9 = S 69+ (-9) (11)
i=1 i=1 i=1

21 (11)elA Z(y, e E Z'l]*ﬂ(total sum of squares)°|2Fal
F231 SSTZ 57 ] O}f':] Z(Y, 9" 72} A3FeH(sum of squares
due to error)°|gkal F-2 11 SSEE X738k Z(y, 9= 39 AT
gh(sum of squares due to regression)® |2}l f'r?_“% SSR% %73

ot} A (1D &3 7o) %73}
SST = SSR + SSE (12)
(Xil yl) ~ ~ ~
Not explain the _-* ' = Po + l@x
deviation
=¥ <

= Total deviation }, — ¥
Explained deviation

Y _}_"

X X

Fig. 3. Description of the deviation and the deviation of the total
unexplained variation decomposes.
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2] (12 SAEIM 71 T o3t A3 9 shelnt.

Fig. 3> & A} (y,-y)& AW T e JxHy-y)2 23
T A= HAk(y,- y)i Halato] ‘/}E}‘ﬂ‘?\i‘jr HARe] 3 002
274 Algste] gretth. AWE 4=l BAF Al 319 A
Frolm] AHeh = Gl WAL A2 2t AlFgolvh. T Al
317 Amgat \Af AlEEe] vt Zlol

©]A| SST, SSR, SSE°] &7 3]7#|2¢] A2 HER o] g%
Qhok FEm e y o] BLE gho] 37 3|74 flof] SIx|sthd 4 3
7122 T 23S o] FA Hrk. =, SSR/SSTO| &2 10] ¥
t}. A o] 71 LR SSR=0 <1 7 SSR/SSTA H&-2 0] ¥t}
wEba] 03 11019 3k Zh= SSR/SST HES 74 3191249 4
S5 Frlsked o] gHtt o] HE-S A A (coefficient of
determination)2}1 F-2m R?Z 373k}

Lu

EH

ﬁ—\l

2 SSR SSE
R™ = SST =1- 3ST (13)
2-4. MEH|%(Coefficient of correlation: R)[6]
TR x, y Alele] AAEAIE Ashs o AR AT} 2o)7]
SEARE, A A= x8) yo AT S8 AAEEAIRIA 2]
FHARIAE 7E88HA] Zeh= W& 7L Qlnt. o9} 28w
Rkl $sto] 7 Mk Ao AlE Sk A E2A A
AlFeta sh= Ao gtk s Aol A= AAlg RS o
=7 o] 8 = gir},

R = +JR’ (13)

2} (132 D8 FEA o= x8h yol FaA7E 2] B)ell 2JaiA
FEHE I, o] ] 7 7Y 9] shEA yi= GERTOIY k= T
SAFR 7Sk Sl f=d Aot

x© FEHT0)T x8} y7} o o] AR (bivariate distribution)E
St b x9F yo] B A w33 A<= (population coefficient of
correlation)= Thaoll 2]&l] 7 &Jic,

b - —COVGLY) 14
~Var(x)Var(y)

P rL mlo (2 m

d

W x, yo] # Var(x), Var(y) < 247} o G; o7 ¥AEIL x
o} yo Fntks o, 2 A 4 (14)9] 5’—713%3] SAT=
G,
- So_
Py~ 5o (15)
x Oy
2 eI

Ao 2 HE] 3717} nQl BES AEY SIS wll wilY A=
(X415 ¥1)s (Xp, ¥2) (X, yn)O] ARk o] 5 W= Ao s dt

e i ion):=

“~(Sample coefficient of correlation)=

S
R = —=» (16)

7 S Son
O Aofent. el 7 W] A&l (Linear relationship)
Pholi YEQIKE AR Aol BeRbE dohits A opick,
Fig. 4= x9} yo] A #AIE Vb AR o]tk (s R=121 %<
s kAol (b R=-191 &2 ¢ 3ol (o=
0<R <191 2] A0 AL (cye -1 <R <021 &2 Aaat7o]
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(@ R=1
+ Perfect correlation

(b) R=1
- Perfect correlation

= (d0>R>-1

(c) 0<R<1 - Correlation

+ Correlation

v

(e) R=0
No correlation
Fig. 4. The scatter plot for the relationship between x and y.

o} (dye R = 031 7 AAZAE R it

2-5. ZLREA(ANOVA: Analysis of variance)
3]914]o] fofAd 1 Ao] FAH SR Sv7t QA oHAlE
e Aesk ek A7Ao] Yol 4] (1elA & visk ol
A 31714000 olalo] s FR @ A
R ABTHOR ol *ws}— 72 vl 9w gl )
oftt. 3]91del 2late] Ardu= AlueE 3710l oJgh Aludolzt
pav ol 4 (18 oleslo] Tas,

= [S(X.V)]z (17)

SSR= 3 (3i-9)" = 5
i=1 (xx)

“1e)3n 319140 Slste] M5 ekt AT RS Wabresidual)Z 9]
o AlFgoleka P2, o AT (KA AL obelel 2k,

SSE= ¥ (y,-9)' = 3 (y,-9)~ 3.(§5;~3)° = SST-SSR_(18)
i=1 i=1 i=1

Fol7l ARE AFAE] YolA B17140] £ (significant)?7H

Sh= 21 SSRe| At 0 & SSER T o A 7R 9 5= 9l

Table 2i= ¥AHEA 2 3|7)400] 218412 Shalal] S1aio] 2
gt Fod AdE %’r]ﬁﬂ*i” A 7RIS shofok Fi
7P «sl7IRo] fefahA] ekt shar iz <37 o]
ot = At v 0 2 f-2]5<=(Level of significance) a
5 Argstolof Ftt. o714 o)t o S Fld ARl R
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Table 2. Simple regression ANOVA

Factor Sum of square Degree of freedom Mean square F, F(a)
Regression SSR 1 MSR=SSR MSR/MSE F(1,n-2: 1-a)
Residual SSE n-2 MSE=SSE/n-2
Total SST n-1
Table 3. F-distribution
n;-1
n,-1 1-a
1 2 3 4 5 6 7 8 9 10 11 12
0.90 399 49.5 53.6 55.8 57.2 58.2 58.9 59.4 59.9 60.2 60.5 60.7
1 0.95 161 200 216 225 230 234 237 239 241 242 243 244
0.975 648 800 864 900 922 937 948 957 963 969 973 977

0.99 4052 5000 5403 5625 5764

5859 5928 5981 6022 6056 6082 6106

0.90 8.53 9.00 9.16 9.24 9.29
0.95 18.5 19.0 19.2 19.2 193

9.33 9.35 9.37 9.38 9.39 9.40 9.41
193 194 194 194 194 194 194

2 0975 385 39.0 392 393 393 393 394 394 39.4 394 394 394
0.99 88.5 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4 99.4 99.4 99.4
0.90 5.54 5.46 6.39 534 531 5.8 527 525 524 523 522 522

; 0.95 10.1 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.76 8.74
0.975 174 16.0 154 15.1 149 14.7 14.6 14.5 14.5 14.4 14.4 143
0.99 34.1 30.8 29.5 287 282 279 277 275 273 272 27.1 27.1
0.90 454 432 419 411 4.05 401 398 3.95 3.94 392 391 3.90

A 0.95 771 6.94 6.59 639 6.26 6.16 6.09 6.04 6.00 5.96 5.94 591
0.975 122 10.7 9.98 9.60 9.36 9.20 9.07 8.98 8.90 8.84 8.80 8.75
0.9 212 18.0 16.7 16.0 15.5 152 15.0 14.8 14.7 14.5 144 14.4
0.90 4.06 3.78 3.62 3.52 3.45 340 337 334 332 3.30 328 327

5 0.95 6.61 5.79 541 5.19 5.05 495 488 482 477 474 471 4.68
0.975 10.0 8.43 7.76 739 7.15 6.98 6.85 6.76 6.68 6.62 6.57 6.52
0.99 16.3 133 12.1 114 11.0 10.7 10.5 10.3 102 10.1 9.96 9.89
0.90 3.78 3.46 329 3.18 3.1 3.05 3.01 2.98 2.96 2.94 292 2.90

6 0.95 5.99 5.14 476 453 439 428 421 415 4.10 4.06 4.03 4.00
0.975 8.81 726 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 541 527
0.99 137 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.79 772
0.90 3.59 326 3.07 2.96 2.88 2.83 278 275 272 2.70 2.68 2.67

. 0.95 5.59 474 435 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.60 357
0.975 8.07 6.54 5.89 552 529 5.12 4.99 4.90 482 476 471 4.67
0.99 122 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.54 6.47
0.90 3.46 311 2.92 281 2.73 2.67 2.62 2.59 2.56 2.54 252 2.50

0 0.95 532 446 4.07 3.84 3.69 3.58 3.50 344 339 335 331 3.8
0.975 757 6.06 542 5.05 482 465 453 443 436 430 425 420
0.9 11.3 8.65 7.59 7.01 6.63 6.37 6.18 6.03 591 5.81 5.73 5.67
0.90 3.36 3.01 281 2.69 261 2.55 251 247 244 242 240 2.38

0 0.95 5.12 426 3.86 3.63 3.48 337 3.29 323 3.18 3.14 3.10 3.07
0.975 721 571 5.08 472 448 432 420 4.10 4.03 3.96 391 3.87
0.9 10.6 8.02 6.99 6.42 6.06 5.80 5.61 547 535 526 5.18 5.11
0.90 329 2.92 2.73 261 2.52 246 241 238 235 232 2.30 228

o 095 496 4.10 3.71 3.48 333 322 3.14 3.07 3.02 2.98 2.94 291
0.975 6.94 5.46 483 447 424 4.07 3.95 3.85 3.78 372 3.67 3.62
0.99 10.0 7.66 6.55 5.99 5.64 539 5.20 5.06 4.94 485 477 471
0.90 323 2.86 2.66 2.54 245 2.39 234 2.30 227 225 223 221

. 0.95 484 3.98 3.59 336 320 3.09 3.01 295 2.90 2.85 2.82 2.79
0.975 6.72 526 463 428 4.04 3.88 3.76 3.66 3.59 353 3.48 3.43
0.99 9.65 721 6.22 5.67 532 5.07 489 474 463 4.54 446 440
0.90 3.18 281 261 248 2.39 2.33 228 224 221 2.19 217 2.15

095 475 3.89 3.49 326 3.1 3.00 291 2.85 2.80 2.75 272 2.69
0.975 6.55 5.10 447 4.12 3.89 3.73 3.61 351 3.44 337 332 3.28

0.99 9.33 6.93 5.95 541 5.06

4.82 4.64 4.50 4.39 4.30 422 4.16

T FHE AN FE-S ov]al Pvaluer AF7HE0] A &
5 oJuith fFo)aeS B 5%E A4S SkaL ltt. Table 2]
2] Fy>F(1, n-2 : @) ©|A} P-value <o o1 AF7MIE 7|7}5hc)
=, “FolFE aollA Bl71do] frelsietekar 27 sict.

Factor 852 3] 7] (Regression), “x}(Residual) B A2 7%
T}, Sum of square I 3|7 A, AP Al 2 F Alwd
© 7 AT} Degree of freedom -2 A2 Qulsit}, of7]
A AFET AHEA AEE 5 Qe Bl 5 Qulet AEY
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A5 A BaE AEsP] Q18 e ol 31713k A
T o) o] AfEE 2 o|th AFET} ohd AR
s 79 AERwelA 343 Hato] mxjche] Haka) Hejz) vk
Aste] B Ak 9o FEetA] ¢7] wliEoltt. Mean square
GEL AFES AMER hr ¥ 23kolY,| F) 32 379
HoAlE MSRI} 7xke] HtAlE MSESKS] vl&o|t}. o] nl&o]
Fom 3]7]e] gJgh Aol Mk JA R A o & wo] 74
S 4do] x9} y7be] IAIE Ardsh=d] foletth= Sno|t}. F(a)
G2 712A]o e}, ek S A [=FINV(0, ny-1, ny-1)] &
E PATE 1L AMTE 2 o Wt F gks e v o Ale] AT
7)1 o]&3le] T3} & Table 32 o]&-3t] TR Fo)4==
o} AHFE(1, n-2)F ARE3le] 71Z243] F(1, n-2 : o)S TR

WYL Fy > F)R] A5 Fe5w odllX A7 71430 &,
“3| AR Fosict 2 BT

Table 32 FA-X X Z AMFE 1, AMFE 294 A R]555(90%, 95%,
99%)ll e} &S Faks LR ot Fo)e] Zdel wfef gk
Table 304] 2o} 719J3te] Foo] gkt vlmst 4= LA shrt. ¢l

< 012 08 AR np-12 n,o] AHFEClTh AESE
(confidence LevelyS 90%, 95%, 99%% Ast] Agks ¢l=th.
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1st Overhead 2nd Overhead
(product)
Components Content Components Content
PGMEA 84.3wt% PGMEA 99wt%
Others 13.7w% Others Tw%
Water 2wt% Water 0.02wt%
Yield 25wt% Yield 35wt%
Material

Components Content

PGMEA 84.3wt%

Others 13.7w%

Water 2wt%

e

1st Bottom 2nd Bottom
(Intermediate Product)
Components | Content Components Content
PGMEA 93wt% PGMEA 55~65wt%
Others 7w% | | Others 45~35w%
Water 0.02wt% | | Water -
Yield 75wt% | | Yield 15wt%

Fig. 5. Manufacturing process utilizes a tow-stage distillation column.
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Fig. 8. The scatter plot of feed amount, reflux amount, BTM temp., feed temp. and PGMEA content at 1st tower.
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Table 4. Multiple correlation analysis
Feed amount Reflux amount BTM temp. Feed temp. PGMEA content
Feed amount 1
Reflux amount 0.199034 1
BTM temp. -0.40088 -0.2195 1
Feed temp. 0.02942 0.318926 0.208357 1
PGMEA content 0.386077 0.575837 -0.41327 -0.28127 1
Table 5. Regression analysis statistics 945 - Normal Probability Plot
Regression Analysis Statistics b=
Multiple correlation coefficient 0.801821 % 94 1
The coefficient of determination 0.642917 S 935 -
The adjusted coefficient of determination 0.625062 < 93 -
Number of observations 85 g
5 925 4
. - * :
Table 6. Regression ANOVA 92 T ‘
Factor Degree of ~ Sum of Mean Fo P-value 0 20 40 60 80 100 120
freedom square square
Regression 4 13.76 34 360 344E-17 Percentage of Sample
Residual 80 7.65 0.095565 Fig. 10. Normality tested.
Total 84 21.41
Fig. 10 7+4e] tigk A% Asfolth, A4& teha glow
BTM 2129] ZJ7lIF= -0.4101 2% oFsh 5-9] ZaaAl7} Stk ArEEE 7P S ok el B A A4dE vehda 9l
T8, 191} Atolof] ATEAIE glo] ST ol Aol7) Eli= th o] AE-EE 713} 88 22 Table 5, Table 6, Fig. 9, Fig.
%324 (Multicolinearity )y 1t} 1025F ool Zo] =¥ thas|Aa2 o7} Q&S YR

4-1-2. 34

Table 5= PGMEA 3-8 At 2 tg8] 7748 AAIst 4
otk AgAGF R ¥ 9% HAYASG R2-adj > 0.6 o[do]| ==
AANJAE2] HE2 thF3| 74 o= AYe 4= gtk

Table 62 F2HEAS 2N SE A oot FARE ol AF7PE2
“3]9| o] FoekA] ¢t} o)1 Y IS “3F o] F2)3)
o} o]tk 5ol 5%olA P-value < 0.05 ©]22 AF7ES 7]
Zhsit), &, tha s A2 folsitt. T3] 42 PGMEA $hegof|
el YelxtEz e 4= Qluh o 7|4 fF-2=F(Level of
significance : HREUKIERS 7MY Al AF7Pdo] Y ] ARl R
25 Ak G55 ou]gitt. Pvalues A7) A 5 ©
u]si},

Fig. 9& 219 74 QA ERISH= et} 2= 7]
ol 02= Bt o] glojok Fatdol lrt. 1= 44
[e}

SEe & T Atk F, AR Sold Bl §l

(=

= &
= t |
177] G - - - - _— 4 o
§ 5550 5?&1 5650 ‘ %Q 's;rso s‘n 5850
05 4 E
4 4 +
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Fig. 9. Normality tested.
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Table 7. Multiple regression analysis
. . Lower confidence ~ Upper confidence
Coefficient Standard error t statistic P-value interval 95% interval 95%
Y-axis intercept 91.62749 5.0875433 18.01016 7.0505E-30 81.50295 101.752
Feed amount 0.002082 0.0006405 3.249941 0.00168949 0.00081 0.003356
Reflux amount 0.000746 8.30E-05 8.987605 9.2906E-14 0.00058 0.000911
BTM temp. -0.01331 0.0149846 -0.88825 0.37706691 -0.04313 0.01651
Feed temp. -0.07415 0.0112942 -6.56532 4.7903E-09 -0.09662 -0.05167
45 35
40 + 30
35 -
5 25
25 - 20
20 ~ 15
15 -
10 4 10
s- BN
16451629 16051745 17451799 12391269 12691299 12991329 13291359 13591389
(a) Distribution of BTM temp. (b) Distribution of Feed temp.
60 30
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(c) Distribution of Feed amount

Fig. 11. Distribution of each cause factor.

Table 8. Optimized process conditions at 1st tower
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Fig. 12. Distribution of PGMEA content.
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Fig. 12 & A7ollA A43t Az e 13k SHE
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Matrix scatter of PGMEA Content, Feed temp.,
BTM temp., Reflux amount, Feed amount
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Fig. 13. The scatter plot of feed amount, reflux amount, BTM temp., feed temp. and PGMEA content at 2nd tower.
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Table 9. Multiple correlation analysis

Table 10. Regression analysis statistics

Regression Analysis Statistics
Multiple correlation coefficient 0.77177
The coefficient of determination 0.59563
The adjusted coefficient of determination 0.590141
Number of observations 225

4= R%-adj > 0.59 o)do| 22 IIAHES] WE-2 thes] 4 o%
st 5= Q. &, v 3942 PGMEA o] tial] 92191A1E
2 A

Table 112 FAREA] 0] Ajolut, 77 «s]F]| = F o] F-28t
A geprol 1 7“3l o] Fesirhoth. 21 74
“<(Level of significance) 5%% 2783t} &4 Ay} o4
5%ClA P-value <0.05 o|2& AF7MIE 71248} &5 sl

T3] T4 frelsi ]‘ﬂr
Fig. 14 3240 AeS A7 T1efsrolu}, dak= 719igke]

Feed amount Reflux amount BTM temp. PGMEA content
Feed amount 1
Reflux amount 0.328716 1
BTM temp. 0.423379 0.722571394 1
PGMEA content 0.377313 0.752976897 0.636619 1
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e} T e Fefa Bwerd o= oMIEOlE(PGMEA) 2575k S3delk Svhidle olgst 57 45} 191
Table 11. Regression ANOVA
Factor Degree of freedom Sum of square Mean square Fy P-value
Regression 3 18.91640346 6.305468 108.509587 3.26225E-43
Residual 221 12.84226054 0.05811
Total 224 31.758664
1 " . & o ¢
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(a) Distribution of Feed amount (b) Distribution of Reflux amount (c) Distribution of BTM temp.
Fig. 14. Normality tested.
Normal Probability Plot TE A DS JeR) 2 9lo] FareEE 7PYeith £33
o W0 0% Table 10, Table 11, Fig. 14, Fig. 1523E] o}go} o] &
3 99 - ¥ v537142 ouizt Qlvk
S 98 Table 12= Uh5-8] 734 30|t} PGMEA $egoll 432 wlAl= ¢
§ 97 QK= t ARG 9 Fgo) lrk. 24k SHEIM PGMEA T
S 96 el FS m|R)= AJAJMAR= t FAIF] 9.819] Reflux o] 4
~ g5 | r , T | Q1zpo]n e F BTM 59} Feed |t} T3, BTM 259}
o 0 o & s 10 120 Reflux k= 748 5214, 5 thgg40] k. meb ts)

T2 = BIM 255 a7date] Reflux B 24dsto] HAx20e
D= 7 Stk Table 1224E FE=¥ thes]#4) ofele} 2t
U314
Y(PGMEA content) = 86.82254 + 0.00012 x Feed amount
+ 0.001669 x Reflux amount + 0.007705 x 199
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Fig. 15. Normality tested.
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Table 12. Multiple regression analysis
Coefficient Standard error t statistic P-value Lower confidence interval 95% Upper confidence interval 95%
Y-axis intercept 860.82254 0.7256551 119.65 6.868E-20 85.3924459 88.25262
Feed amount 0.00012 4.946E-05 2.4223 0.0162290 2.2333E-05 0.000217
Reflux amount 0.001669 0.0001701 9.8130 4.243E-19 0.00133384 0.002004
BTM temp.. 0.007705 0.0033348 2.3104 0.0217872 0.00113271 0.014277
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120 150 60
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Fig. 16. Distribution of each cause factor.
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Table 13. Optimized process conditions at 2nd tower
PGMEA content
99.25%

Reflux amount
6,200 ¢

Feed amount
42750

BTM temp.
199 °C

] Reﬂux e 6200 L5 SRR A= Slo] Bl
Feed B2 12} S70lM 88 75% 24310 4275 L 2 231990S

79- PGMEA 3= 99.0~99.5%7} A=}, wbA] Table 132
2t SR HAx2uS YeRSItt A2 Feed % 4,275 ¢,
BTM 2% 199 °C, Reflux & 6200 ¢ 02 - 43k= 4% PGMEA

SR Bt 99.25% o 5H Ak,
5.4 E
12k S5 ke] #4231 Feed %

5,700 ¢, Reflux = 2,500 ¢,

BTM 2% 165 °C2 W] PGMEA &7 3= 92, 12~94.62%7P o]

=51 Reflux o] PGMEA 3ol 98-S n| X1 Q131 Feed HF3}

Feed €55 9SS 1|X]1L 9oL}, BTM 25+ 2 34 L4x4
=z

ol &Xof w} PGMEA 3ol I ¢ ?‘fo =5
Zo® FRIEGIT

22} SR A 2L Feed &F 4,275 £, Reflux 3F 6,200 £,
BTM 2% 199 °CY W] PGMEA # 2] &&-2 4 99.25%7} A=
B Reflux ©] PGMEA $leol] 93kS =7 mX) 1 3)al, Feed
Z7 BTM 5% &S v]X] 1L ) 01 Reflux 33 BTM 25+
tsadAdo]l AR Reflux Foll whah AuiAR1 Jaks v
DE BTM 25 1431 o|&31ch
13} F752] PGMEA $%¢] 7] 28 sk the3| A4S
Y(PGMEA content) = 91.62749 + 0.002082 x Feed amount

+ 0.000746 x Reflux amount — 0.01331 x BTM temp.

4 33t 9)

i

Korean Chem. Eng. Res., Vol. 53, No. 2, April, 2015

Z,\__
— 0.07415 x Feed temp.
o} o] AEHIL,

22} Z5ERS] PGMEA &3] H 4 2718 Alsshe th3] A4S

Y( PGMEA content ) = 86.82254 + 0.00012 x Feed amount
+ 0.001669 x Reflux amount + 0.007705 x 199

9} 32o] AlZH},

A

—

z A

o] = 201291 AR (e ) AdoR FdT
o] A& o} =aiEl A7 tHNo. 2012R1A2A2A01045769).
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