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S UMMARY

Semiconductor industry in our country has rapidly progressed
since 1965 and 4 mega bite RAM is expected to be mass produced
in the near future. Inaccordance with the progress of the semi-
conductor industry, the demand of the electronic grade chemical
reagents has remarkably increased and their purities have be-
come important in the situation that the semiconductor device
becomes denser.

The electronic grade reagents have been produced in the de-
veloped countries since 1960, and the high pure grades, Ultrex
by J.T. Baker Co. and EL-SS or EL-SSS by Kanto Chemical Co.
etc., have been introduced. 1In our country, the limited items
of electronic grade reagents are produced by Oriental Chemical
Co., but the details of the specification for trace impurities
are not fully characterized. 1In the present work, four of the
organic reagents including methanol, ethanol, isopropanol for
cleaning and drying agents and acetic acid for eching reagent
were purified to the grade of the electronic reagents. The
organic and inorganic impurities were removed by fractional
distillation. No separate procedure was performed for the re-

moval of water in methanol and isopropanol since it was elimi-



nated in the fractional distillation step. For acetic acid,
water was removed by the chemical reaction with acetic anhydride
Removal of water in ethanol was attempted by the azeotropic
distillation with benzene and cyclohexane using Dean-Stark

trap, but the technical grade of absolute ethanol was used for

starting material since it is domestically produced and the
price is comparable to the 957% ethanol. Particulates were re-
moved by reduced pressure filteration through 0.5 #zm membrane
filter. Except the acetic acid, technical grade chemicals were
employed for starting materials in order to maximize the puri-
fication efficiency and value-added. Fifteen of the inorganic
impurities and several organic impurities which appear to be
critical for quality control were analyzed. Inorganic impurites
were preconcentrated and then determined by the flameless and
flame atomic absorption and the inductively coupled plasma
spectrometry. Organic impurities were identified by the GC-Mass
spectrometry and determined by the Gas chromatography with
80/120 carbopak B AW/57% carbowax 20M column. Water content

was analyzed by the aquameter with Karl-Fisher reagents. The
number of particulate was analyzed by the particulate counter.
The efficiency of purificatiOn was investigated by comparing
the analytical results with the specifications of the EL series

of the Kanto Chemical Co. .



The present work showed the possibility to establish the
purification method of organic solvents for fabrication process
of VLST in the industry. The specification of the purified
reagents were comparable with that of the EL-SS & SSS of the
Kanto Chemical Co. .

However, in order to utilize the results of the present
study for mass production, cooperation with industry for prac-
tical application is required. In addition, contamination
control in manufacturing process, storage and distribution

stage should be carefully examined.
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Table 1. Dehydration efficiency of drying agents(Z21)

Drying agents Efficiency of desiccants Regeneration
(g+-H,0/g* desiccant) temperature('C)
A1203 0.2 175
CaHl, 0.85 impossible
K9COq 0.16 158
MgO 0.45 800
MgS0, 0.15 - 0.25 impossible
Molecular 0.18 250

sieves 5X

Silica gel 0.2 200 - 350

. . " T e
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Table 2. Ternary azeotrope systems of ethanol

—

‘ B.P| B.P of Percent Composition
Azeotrope _ .
Components | ( C ) -1
CC) Azeotrope | Upper layer| Lower layer
— 1 . | . —
Benzene | 80.1 74.1 86.0 | 4.8
Ethanol 78.5| 64.6 18.5 12.7 I 52.1
Water 100.0 /.4 1.3 43.1
I R )
CﬁFIO' 82.9 73.0
exane I
Ethanol 78.5 64.1 20.0
Water JlO0.0I | 7.0 | -J
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olAL AHL o AZgArz (10~50m)dl {7111 2 ‘FE %

ol ¥4 ANEE Agddd
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B A3 Alg3 QAAFFEHZI= Perkin Elmer

H
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Model 5000 AASo|t}t ¥ Ao A 2xe] W o3 =" A
g Jd994+4 Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn,

Na, Ni, Sr, Zns 15%F HA4E EEUASTLBHUELE T

Natgon] EBaEEe gyl Fe ARESE pyro coated tube
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Table 3.

GFAAS operating conditions

Element
Condition Al Ba Ca Cd Co Cr Cu Fe K Mg Mn Ma Ni Sr | Zn
Radiation source K HCL.I_.. _ ]
Lam; current (mA) 20 25 20 4 30 30 30 | 30 12 20 30 8 30 20
Wave length (nm) 309.3 553.6-422.71228.8 240.7J357.9 324.71248.3:766.5:285.2:279.5 589.5(232.01460.71213.9

S

L 0.7|/L 0.2]L 0.7

Slit width (nm) L 0.7 _'.[.0.2 L 0.7 L 0.7 LO.'2L0.7 L 0.7{L 0.2|L 0.7}{L 0.2|L 0.2 |L 0.7
Tube Pyto Coated —

Drying temp.( C) - — {30" { ““—1 1 -

Ashing temp.(C) 1500 |1500 [1200 {250 [1000 [1200 [900 1200 {950 1000 [1000 {900 {1000 |1200 (400

Atomizing temp('C)| 2700 ﬂ2700 2700 {1700 2400 |2700 52700 2400 {2100 | 2400 [2600 | 2200 {2700 {2700 |2100

Burning temp.(C) 2;00

Internal flow lO

(ml/min)

l
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B o o] Alg¥" 7]7]= Labtesti}le] plasmascan 710
Inductively Coupled Argon Plasma Spectrometer olty £73

of z2wdel AMAY wHel o 10ME FEHAIN AsE Y

sl 2 AFE dAFFEI=HE AFA9 vm BESHHEO

Table 4. ICP operating conditions and parameters

aa iy} I

Incident power 1.2 kW

Reflected power C5W

Plasma gas flow 18 £ /min

Nebulizer gas flow 14 /min

Sample uptake rate 3.2 mé/min

Torch Outer, intermediate and

inner tube having diameter

18, 12, 1.5mm

Nebulizer G MK

Spectrograph Grating with 1800 grooves/min
Dispersion, 0.8nm/mm

first order

Blazed at 300 nm




1) 71A aZ2veE e =
s Age HAA AlgFed §7] EsEEL Hewlett
Packardx Model 5840 A Gas Chromatograph & A}&38ly &
Matgch old, AF <29 RAE =k FA ] sk 6ft

X 1/8" glass columne] 80/120 Carbopack B AW/5 % Carb-

(26)

owax 20M(Supelco) & A= A&t om olm ALEF
GCo AFFAL H5& #Hu.

Table 5. Operating conditions of GC.

Injector temp. ; 210°C
Detector temp. ; 230 C
Carrier gas flow rate ; 30m# He/min.

Hydrogen gas flow rate ; 30mé/min.

Air flow rate + 300 m¢/min.
Oven temp. s 70C - 170C

5C /min.
Detector s FID

2 AdddE 24Uy B2aEg $edx g dagg, o

g, olaZ2Hgd BEE BT 9AFY Yusd 7 A =

T 84& wExn, BAZY ANEd EELEAELE 5 pl &FS Hami-
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2) GC/MSH

ola] A}&3 GC/MS+ Hewlett Packard Model 5790 A
GC(6ft x 1/8"'" glass column, 80/120 Carbopack B. AW/5 %
Carbowax 20M) ¢ Data System PDP 11 & HZA3 VG12-250

Mass Spectrometer & Alg3dlgon AAFsxaAL E63 I

Table 6. Operating conditions of GC/MS

Ion source temp. y 180 C

GC/MS interface temp. ; 150C

Electron energy s /0 eV

Ionization mode y e€electron impaction (EI+)
lon source pressure 7 1 X IO-SFtorr

Scan range s 30 - 200 amu

Scan time : 2 sec/scan

Emission s 100 A

3°



Alael g% Metrohmalel Model 630 Karl Fisher

Automatt 2 A& Ao FEIZFN @t ANEES FHFH I sy-

Q

ringe 2 zf#3I F Mercksx Karl Fisher A|¢fo 2 FHAEAY

5. A AA B =F

o

=rE YA s HEA AFY £F g]de HEE THE ALY

1 ARAF AldMe YAsE EE AFsE Fo FEZ

stuyjoly, E Ao = MilliporeA] Micro o 7R3 9

Sinku Kikoz] Diaphram R¥% HA=E ALL3sle o

laZT2HLEEE A HAstdy. ol&# &2 Milliporex] FH3 0.5¢m

membrane 1@ s 2vf 2 3mE HAA oHsgon wuL o

A

lAZE2RESS 1digesr AHsd AAAA €& va, FEF

A2 A vz AN@o A Roycod Particulate Coun-

ter & ol g3l 627 A =y W W=z 7 7t EFago
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o 33 M= =P A FFgtolh



go] S£EFES 0.0042%= =FHA 0.15%<2 1/300lst2 o

Kanto EL-SSS & % &d&F #2424 0.05% olst Hox 1/100lst=2
oltl ol vEtLo]l E3I azeotrope & FHASHA Yo £
Bl 52 zpol 7 AA Ee] Byl L0137 wEoltk ol EHL&

FE S5 XAEd dAH=dH ZIFvgEe T2 3.06 2 oh

fid
sl
2
il
>
oo

ol
2
U
o
Lo,

Alzbl @& a3dE BdH 7

2 12A7t3e =w48eS Hm Silica gel 12.8 %, Al,0, 8.0

9, CaH, 24.19%, K,CO, 34.7 %, MgO 5.6 %, MgSo, 4.1 %,

Molecular sieves 41.7 %2 Molecular sieves7z} 7} &gk

t}, 88 A7t ZFT9o HFEEEL xHW Silica gel, MgO, MgSO,,



Molecular sieves = 12 A]7td] vt B Aol gla AlL,O;
CaH,, K,CO, & &3&o Z7telgA=wn 712 £2 CaH,x= 54.4

%% TEE 1/2 F=g 23Ut

sl g 47 7R #WE Molecular sievese= & 1 m%

0.4 go=zZ 959% e 149 FES <& 122 4 AZEH

w1 Molecular sieves 9 400 o= 12A7, 7V wskol A

S CaH,zx 100 9g H7Fstxm <¢f 80 Algkel ZHAUt

Table /. Dehydration efficiency of drying agents for ethanol

Water content (%)
Drying agents — —
O hr 12 hr 24 hr 36 hr 48 hr 60 hr 88 hr

Silica gel 6.65 5.80 5.74 5.74 5.74 5.74 5.74
Al,04 6.65 6.12 5.90 5.85 5.85 5.85 5.80
CaH, 6.65 5.05 4.79 3.67 3.40 3.19 3.03
K5CO,q 6.65 4.34 4,15 3,78 3.72  3.56 3.46
MgO 6.65 6.28 6.22 6.22  6.22 6.22 6.22
Mg30,, 6.65 6.38 6.27 6.22 6.22 6.22 6.22

Molecular (5x) ~ 6.65 3.88 3.88 3.88 3.88 3.88 3.88

ol sh o]l @&A el kol Wol FWgsm oW Aol 4. H
2]

Potet ol AFfstes AFdAMNY 9SS
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Table 8. Dehydration efficiency of ethanol

il Sl

l [

Length of Distill. H,O content after Distill. Time

Column (cm)

N p—— i

Dehydration (%)

60

60

150

0.46
0.15

0.22

78 hr. 40min

92 hr. 40min

36 hr.
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Table 9. Dehydration efficiency of isopropanol

Technical(I)TTechnical(II)iTechnici;*
Feed, H,0(%) 0.28 0.28 0.06
Distillate, H,0 (%) 0.030 0.014 0.007
Distn. rate (g/hr) 48 . 8 28 .8 44,1
Distn. time (hr) 21.5 33.0 20.2
Yield (%) 53.8 75.3 | 75.0
| —

* Dahydrated with Molecular sieves before distillation
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sl = o 3@ EPF($5%,0.15%) 200 el Kanto EPH F

FEAE FEIF Wl 13F, 29¥Y A stsn 25T

50 Tl A Al 7tell w2es €4 235 Ad3 334 3103 2o

Table 10. Dehydration of acetic acid with acetic anhydride

-

Reaction Reégz;g\\ Content of Water (7)
Temp.(C ).A.‘:Etic ting i ' *?_
) Anhydride 24 48 ]2 120
| added | | )
1 eq 0.130 0.097 0.097 0.097
25 ! T L .
2 eq 0.120 0.086 0.086 0.045
EN— .._l,. ! ]= 1 ﬂ —
1 eq 0.086 0.054 0.053 0.021
50 | | J |
| 2 eq 0.043 | 0.029 0.030 | 0.011

25 T weandixes 19% H7A 24 A 23 & FE
o] 13%, 48 A7t A FT 35 %7t AN oS 2 Fode= W
7Foglen 29 HIMAYd e 24 A% AR &= 209%, 48 A
Y 5. 43 %, 28l 12021 A 3= 70 %7 A4S o
50 CollM = 19 HIA 24X B & 7 43 %,

48 A7t A AR 3 64%, 22l 120417 A FH F 0 86 %7 A4S

W 2 T H7MAY e 1gHEHe 2wt o #gistgdy §F Fax
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Reaction Time {hr)
Fig. 6. DPehydration of HOAc with acetic anhydride
at 100°C
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Table 11.

0.0

1001 100 |

100 | 10

Specification of electronic chemical reagents (CH30H)

(Unit : ppb)

Table 12. Results of purified methanol
Elements - B ""
H,0 |
. (w/v| A1 | Ba | Ca |Cd Co | Cr | Cu | Fe

Classi- . |

. . %)
fication |

Feed 0.15 | 214 <23 35“<1 -[2.0 13.6
Purified 0.002 6.0 [<23 | 1.1 <1 [K0.02(<0.1{0.16] (1

(Unit : ppb)

K ) )

2! 118

s [ [l [ o
!
' 3!2.0

3.0/0.03[/0.03]75.6]0.13<0.0




dad dwidtd A3 Ax= F 12 94 Zo
Kantoe EL-SSSH F7l 8¢E EF 52 18 99y ols
Z 2 9 ¥ JtsAel AL Li,Ag,Pb 3&F d4e ALSA T
131e] =8AA=z= Alo] 214 ppbalx 6 ppbz, Cao] 35 9A
1.1, Coz} 264 0.029]3t=2, Cre] 13.6914 0.10}8 2, Cu
7} 0.6201A 0.16 o2, Fe7F 245014 19]st&E, Ko] 1594 3o=&

Mgo] 119lx 0.032% Mno] 10X 0.032=2, Nao] 330¢lA

75.6 0.2, Nio] 5494 0.1302, Sro] 0.32¢14 0.03 o|3tz=,
Zznzk 11804 22 2zt 7+ zp43sgcr Al, Ca, Co, Cr, Fe, Mg,
Mn, Ni, Zn%o] £35] $£A1589] 1A FulRel [ Aol A T4

Jom, Na, KE AYstuzyE Kanto EL-SSSH #HRT IR AAQ.

tbup Nawle] 75.6 ppbs® Kanto EL-SSS&¢ 5 PPbold 34 ™

Ated ol wwge] tHo] ©E FTHA Hsd vm = AAA

2= 0.15 %olM  0.0042 %= =2A Zasle] Kantoe EL-
SS5 v T4 0.056% colstedl F&31 HFEh

2. ol &

Kantoxtel Azbg olgge] w45 AAA Agd Fadge

6 ppbZ=A] Kantoe EL-SSS#ZAC wlesigdom gutel 13 71
UALES 5 EL-SSS#ZA =9t

2odgelde FUE FroAwee 2aAZFoA (A3, A

348, 2R F )AL Ay EAAINE H 149 Zrh FolAM et
o] Ale] 121 ppbelA 5 ppbolstz, Mns] 5.6 ppbolt (.04 ppb

2 astd BEL-SSS5t4e Eojztor, bte] ekl AW Fe7t
24 94 8 ppb E, Naol 16504 14 ppbz &o| EL-SSS #73 «

o B WrlEeEe Fue] e e I F A

15



9%

Table 13. Specification of electronic chemical reagents ( CoHgOH )

Elements I
ssa.’HzO

- Al |B Ca Cd
Classi- (7)) {(w/v < L

fication /)

=

(Unit : ppb)

Fe | K Mg | Mn | Na | Ni ST Zn

EL-S J99.5<0.4l 200 I 100 { 50 5

1 —

10 1100 | 50 | 20 > 500 3 3 30

51 50120 |10 | 1 [300( 1 1 10

51 50120 | 10 1 300 1 10

C it OB X

EL-SS [99.5]<0.4|100 l 100 | 20 1

+ -

EL-SSS {99.5(K0.41100 | 100 | 20 1

Table 14. Results of purified ethanol

(Unit : ppb)
_ ﬁ 1 —1r _ l _ ; _(____
Elements ]Hz() l | l [
. (w/v| Al | Ba | Ca | Cd | Co | Cr | Cu | Fe | K |Mg |Mn |Na | Ni | Sr | Zn

Classi- %) |
fication ” | l
B | - I 1 * L |

Feed 0.050] 121 (<23 | 13 (1 (1 0.3 0.8 24 | 5 l 5 15.6 16510.7 [(0.04 5

Purified 0.025 (23 8 | <1 <1 (0.1 {0.3 8 | <3 Lil 0.04 0.1 [0.03] <1




3. olAZ 2 &

Kantos] dag Al #4e ® 159 Ao Hid FF6 <

9§ clazZade (58, 0.28%)% A2 ALAN TF =8
48.8¢ / hr = 28.8¢/ hr

=
cular sievesz ZHA sl FHE FTFHE 0.06%=2 HAa

Al 7 S 44.1 ¢/ hre &ESx=z FTHAZIN A distyd F7| E
85§ A3} da+= Fl6y 2o 13 /=2 Nio 8 olf A
0.08 °j A 0.15ppb  Alo]l&2 1/10094] 1/50 2 A3 a1, Zn 7}

1/20 o] 3}, Nao] 1/10082 zastgdon, Al, Ca, Cr, ST o

1/2 oA 1/3 Aoz ZAEHoe] FeZ Agst x Y927 EL-SSS F9

sl FE T Fex 694 10ppPb ARz S74d  8.8ppbel Hed B %
stAY  238ld ozt Frhsd=d wagE 3 dege AAg v

wate] 2w ol B4 mFolde o @ ez Azdt

A g5z Aoy tol ¥y BaZdMe W aolsl flglth

z4be] Kanto AF A% AL E1T3 2o 2 A

AAEe A2F AdoAst »ol % ) EPF D (FE, 0.15

%) BazA 19Fe sbdm 100 TAAM 1243 9gAA

SRS 0.032%%2 BAAZ RS 60om Yol ZFHW B 1y 49 Sub-
boiling %% Az A F 71K 24§y EEEe o 5t

At e, 1 ZAyes #1187y o F O EHCAM wel Fert
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Table 15. Specification of electronic chemical reagents[(cﬂ3)ZCH0H]

:: Elements | \ l I
];ssa' H20 |
Classi- (Z) (w/v Al Ba O Cr K Mg Mn
fication %)
g EL 99.0 0.15 - 50
? EL-S 199.5 0 10 200 100} 10 10 5 5 5
O
EL~-SS 99 510.05 100 1001 3 IIIII 1
----------- 1
Table 16. Results of purified isopropanol (Unit : ppb)
Elements H.0
Classi (gav Al Ba { Ca {Cd | Co Cu | Fe | K Mg | Mn |Na | Ni | Sr Zn
fication ) ‘| 4 l | |
Feed Eg‘i—hni 0.28] 30 |<23 5 1¢C1 {1 0.1710.46 | 8.8 | (5 3 P.052 1260 | 8.00.065]| 26
- Eggh&ll-o 030r 0.5(¢23 {1.87]1¢(1 KO0.013K0.0810.7817.01<1 0.471L0.02]| 15 0.0BR0.0B (1
, Techni- | | I N I
Puri- 0.01419.6 1(23 [1.59|<¢ 1 K0.0130.0810.28/6.1 |<1 10.48{K0.02]| 16 |0.08K0.03 |1
filed [l —
oi% 0.007|2.8 K23 |1. 08[<1 K0.013¢0.08|0.56/ 10.9< 1 |0.40[<0.02| 22 0.15[¢0.03 [<1

(Unit

: ppb)

ol o

b

Pretreated by Molecular Sieves 5X before purification




oF

Table 1/7. Specification of electronic chemical reagents ( CH4yCOOH )
(Unit 3 ppb)

e Ll 1 T T 1 T T
lements hssay H,0 l |
(%) {(w/v| Al | Ba | Ca|Cd | Co | Cr [Cu | Fe K |Mg | Mn | Na |[Ni | Sr | zn
Classi- 7Y | j
fication L
— 1 U E— 1 ! | 1 L ] N S
EL 99.5(0.5

. e D 50 50 50 50
_ A I O S e I

EL-5 199.870.2 } 100100 | 100} 5 > 50 10 >0 100 { 100| 10 | 200} 10 10 50

O 3D D AN

EL-SS199.8]/0.2 | 100|100 |100{ 2 | 2 |10 | 5 | 20 [20' 50| 5| 1000 5 | 5 |20
_ 1 I R R T N e e |-

Table 18. Results of purified acetic acid

(Unit ; ppb)

lements [ | | ! | i | l | I

Al | Ba|Ca [Cd | Co| Cr|Cu | Fe | K |Mg |Mn | Na | Ni |[Sr | Zn

5 T e

fication

Feed Sieg; 21.6/<23| 13 | <1 |[<1 |5.9/3.0 |188 |11 |24 | 5 [236]| 18 |0.55|100
_ ' | | A } L

o S“t_’b‘”}uo <231 6 | <1 {<1 |<1 Jo.61] <7 <5 1 <5 [<0.02] <1
Distil+ ling |

led 1T

Columnl C101<23 i 4;1 1 Li} l(l 0.49| <7 | /

(3 l(0.0Z 3




188 )4 Tppbeldtz, Znrzk 1004 3Wx 1 ppb oJs= Na

o] 23694 < 10ppb FFo=w, Sro 0.55¢4 0.02 ppb ©j

stz aA Zasgrh olgd = Ca, Cu, K, Mg, Mn, Ni Fo] 1/2

Wx 1/5= 2o Kanto EL-SS3 ARG ¥4 &5a 24

el AAF FAe T2 §71 &l wEd &3}
T E L BYY SRR dNad Fled 4 R 9wy w

2 ol HA st FHAEY oY
E SHdEs AN Ao wulTd  FH X % A
Ae AA &Zgol #gow, THA HAAdM F&& 3.6 %
A T
A 34 /71 #eEd £4
L. vlge

2248 Aze  Kanto dAxF Al

LN

o Wl EEE AL R 199 o ES vEEe AAd H A

A5 azwEaYRE P73 Iy 83 F2d " 7 AA

e o §¢ (20.5ppm) B olAZ @b (32.9ppm Yol HAF

A= aF8AMed o] H&Ed (e AEER Faddor 14

o

ppmo] 4 8.8 ppmo 2 743 Methyl Ethyl Ketonezwto] H &




Table 19. Organic impurities in methanol

(Unit ; ppm)

_ ——————

Classification | Specification Analvtical Result
Kanto Technicall Technical
| 1 |
rELmS EL-SS|EL-S8S Feed Purified

L r A — T slisgaaiie:

Non-volatile matter| (1 | ¢ 1 <1

Free Acid (HCOOH) 20 €20 | €20

Free Alkali(NHg3) (1 | <1 |<1

Substances reducing

(5 1 <55

by permanganate
Acetone and Aldehyde 10| ¢10 | <10 **ND ND
Methyl Ethyl Ketone 14.0 | 8.8

| % - |
Ethanol P, T P.T.| P.T,. 20.5 ND

I
I PA J l 32.9 | ND

| R -

* P. T. : Pass Tast

*% ND : Not Detectable

51






(1)

(2)

0 3 6 9 12 15
Retention time (min)

(1) Methanol (2) Methyl Ethyl Ketone

Fig.8. Gas chromatogram of methanol(Purified)
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2. o g &

Kanto Ale] AAF olgg Aokel HAL E20% 2: F

AL FFoad&d NHazveEayge 2¥99 Btk 1¥99

A K upep o] oiazmaHgol FFel 332.7ppmozA v
© =3, a4l acetaldehyde, n-propanol, s-butanol,
acetal(l,1-diethoxy ether), tolueneo} Zz}z} 23.4, 55.9,

49.8, 21.1, 1.5 ppm HESHUHY ol +4 HAys £ 209

Kanto w43+ &8 Ao g AH vzaes oddg sy Lyt
A o2 alcohol ¢ aldehyde 2] B4£E  dfgko] =

FIdE Trolwe 1,1649% 13 FRstd 790 8 o

Ad oo 28 10 9 gz uEadda]e o] acetaldehyde, n-

propanol, s-butanol & 243 AHAHJYIE, 1so-propanol

3} acetaleo] 89.5,13.2ppmo =2 ZAHEAT 22t 1s50-pro-

panole] &ao] Eof 1z FHI 790 £ 2z F7F39

677 o] g Ao AA=d (T& 58.2%) o] &
iso- propanol 2] &=g 10ppm ol3z2 <oy acetal
FAaE A ggku (28 11). ol o] acetalo]l ZAHZA & o
&2 acetalo] d g2, £33 ternary azeotrope(acetal/

ethanol/water: 61.0/27.6/11.4) & 77.8 CellA 3dAH3so &g




Table 20. Specification of electronic chemical reagents (CyHgOH)

(Unit : ppm)

—

Classification
| Kanto

I | S
Impurity EL-S EL-SS EL-SSS
Non-volatile matter | < 2 - <2 <2
Free-Acid (CH3COOH) <20 l < 20 < 20
Free — Alkali (NH3) <1 <1 <1
Substances reducing Pass test Pass test Pass test
by permanganate
Aldehydr & Ketone <10 <10 <10
Fuel oil < 40 | < 40 <40
[(CH3)ZCHCH2CH20H:]
Methanol | <200 < 200 <200
Benzene and organic B
SRy 5 < 50 <50 <50
lmpuritles | |
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(1)

(3)

(&) (5)

(6) (7)

(2)

M—-‘————————-‘——————__h—
0 6 12 18

Retention time (min)

(1) Ethanol (2) Acetaldehyde (3) iso-Propanol
(4) n-Propanol (5) s-Butanol (6) Acetal (6) Toluene

Fig.9. Gas chromatogram of technical grade ethanol (Feed)
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(1)

\ .K(Z)

0 6 12 18

Retention time (min)

(1) Ethanol (2) iso-Propanol (3) Acetal (4) Toluene

Fig.l0. Gas chromatogram of technical grade ethanol

(first distiilation)
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(1)

(2)

0 6 12 18

Retention time (min)
(1) Ethanol (2) iso-Propanol (3) Acetal

Fig.ll. Gas chromatogram of technical grade ethanol

(second distillation)
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Table 21. Organic impurities in ethanol

(Unit : ppm)

— g — —

Classification Analytical Result

l Purified
Impurity Feed - - —
First [ Second
Distillation | Distillation
Acetaldehyde 23.4 ND ND
Methanol ND ND ND
. l + |
Acetone ND ND ND
n-Propanol 55.9 ND ND
1so-Propanol 332.7 89.5 <10
| l
t—-Butanol ND ND ND
| |
s=Butanol | 49.8 ND ND
| |
Acetal 21.1 13.2 15.3
l
Toluene 1.5 | 0.5 ]_ ND
| — —

549



3. olA=zZzz2gL

Kanto HAAg Al f7] ¢ +HLS 229 29 &

AHe FPE oA HJAEH A2F HIAAdAYg R FFH xS
ZzAsd &=F3 29 A olA=Z=HE, a8n FwF Mole-
cular sieves & 53l =7/, AAIN AT 4F9 oliLxzH
gol FREol YUe 7 BE&EL EMF FAygs E230 ZAH2H,
ol 7zt zto] zm=uiEaPe Y12, 13, 14, 158 AT,

¥233% 28 1204 w1y AHA Hd= Acetone, n-Propan-
ol 5 oA H71 EB&Eo AzHAJedW AA Fole HEHA
GAY 4 # g€ B2 FasAT S, ¥ aF = K
212l®l Acetone(18.0 ppm), n-Propanol(28.2 ppm), Toluene
(6.9ppm) So] AAZFo= HEHA &ken a9 Methan-
01(3.1 ppm), Ethanol(l1.8 ppm), 3-Methyl-2-pentanone(l.3
ppm) % n-Butyl acetate(3.2ppm) S5 HZdHA or A
A2 @A olstz gasAdh oy 1,4-Dioxane(19.7 ppm)e] A A
oz <o 2ppmeo] ol UAYEH olAL olihATzHAZ Wl H
ol9lx Az2keo] E 3 binary azeotropeE uwE3 o azeotro-

pee H|ZHo] 87.8T= 82.3T9 vuAdA oliLz=zHL 4

Table 22. Specification of electronic chmical reagents
((CHy, CHOH]

—— S ——— — _T_ — . ——

(Unit : ppm)

lassification
Kanto
——

Impurity EL - § EL - SS EL - 586
Non-volatile matter C 1 C 1 ¢ 1
Free acid(CyH5COOH) < 20 (20 (20
Substances darkened p . p

by H2SO& ass test ass test Pass test

- — — e e
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Table 23. Organic impurities in iso-propanol

(Unit : ppm)

Classifica- Analytical Result

Feed Purified

Impurity Technical Technical| Technical|Technical
| IT 111
Methanol | 3.1 ND ND ND
Acetone 13.0 ND ND ND
Ethanol 1.8 C 1 1 (1
n-Propanol 28.2 ND ND ND
s-Butanol | (3 (3 C 3 | 3
|
l,4-Dioxane 19.7 2.0 2.3 | 2.1
3,3-Dimethyl | {5 ND | ND | ND
butanone

3-Methyl- !

1.3 | ND ND ND

2-pentanone

Toluene 6.9 ND ND ND
n-Butylacetate 3.2 ND ND ND
Tetrahydro- {10 ND ND ND
- furane l . L _

* Pretreated by molecular sieves 5X before purification
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(1)

1(5)

(6)(7)

(3)

(8) 10
-7 (9)! )(11) (12)

(2) 11(4)

L.M
0 3 6 9 12 15 18 21
Retention time (min)

(1) iso-Propanol (2) Methanol (3) Acetone (4) Ethanol
(5) n-Propanol (6) s-Butanol (/) l,4-Dioxane (8) 3,3-Dimethyl
butanone (9) 3-Methyl-2-pentanone (10) Toluene (11)n-Butyl
acetate (12) Tetrahydrofurane

Fig.12. Gas chromatogram of technical grade IPA (Feed)
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(1)

(3)
(2)

3 6 Q9 12 15 18

Retention time (min)
(1) iso-Propanol (2) Ethanol (3) 1l,4-Dioxane

Fig.13., Gas chromatogram of technical grade IPA

(I Purified)
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(1)

(2)

Retention time (min)

(1) iso-Propanol (2) 1,4-Dioxane

Fig.l4. Gas chromatogram of technical grade IPA

(ITI Purified)
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(1)

(2)

e ——— e ————————————————— e ettt emestmsnsres bl e
0 3 6 9 12 15 18 21

Retention time (min)

(1) iso-Propanol. (2) 1,4-Dioxane.

Fig.15. Gas chromatogram of technical grade IPA

(III Purified)
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oz 28.8¢/hrz ZAHNS = 175.3% 9 =4, o] A o
Ao ALY Y FEFTUAAN AdHEE AHYEsty ASFHIE 23} F&&

2 AgAAAM AFEF FHE HEE, dagd Ed olazZsEgg
W BEE 9AE M2 A¥AASS o] 0.5xm membrane
filter 2 o st o3 Az Fo dAFE Z7E=E FHS 2
= H249 o,

2 A¥dMe dA AA &agg I HEd wug o, v
=% olAZEREESE 4 ZF 1WE oz

Kanto 29 EL-SgoME 2zm o] e FE 600
7 /100 m¢, EL-SSFAMEe 3007]/100me, 28] HAFQ EL-
SSSFelM= 10078 /100m ©oldt2 TFAst UYU=dH AA BTE
dAe mE QY =7t FLEE ASE A Zvbekd 0.5
WA 2pm m3712] JAF7E AAL 99.5% olAE AAA o

g3 HF&S 0.5um membrane filter 1uvjz Zg A7

A9 10~40%9 o3 zeol EHAd e on zgs »
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Table 24. Particles in electronic chemical reagents

Particle Counts in 100ml
Particle size S ——

(pm) J_Mgthanoln - | -iéo—?ropanol Ethanol
Feed _] Filteredt Feed ! Filtered| Feed Filtereg Filter2d| Filtergd
0.5 - 0.8 I565668 513316 1011364 | 620272 1559696 | 1221464 | 280980 57832
0.8 - 1.0 21320 | 2717170 9236 10472 30016 713432 I 10540 1144
1.0 - 2.0 22196 25123 ! 8504I 7172 36092 75240 10368 1076
2.0 - 5.0 936 548 1204 212 3536 3072 396 : 56
>.0 - 10.0 1116 241 2608 140 2320 1892 220 | 80
10.0 - l 252 24 1052 28 44 224 28 28

a. Filtered with one sheet membrane filter
b. Filtered with two sheets membrane filter

c. Filtered with three sheets membrane filter



WO1WE ALSY W 16%, 201 829%, 3WlE 96 %9 AA

£e% dEd ez nol ©F A3 ERFHelzde A& 9

F A, =3 membrane filtereo FAHLE AASRAS}E
Ao ZZlrt " e AL Agdcr o Aol JEHYY
o et29 AL 0.5¢ym membrane filter 3 & 7 2 A

o 73H 2xm ol Uxrr 1647/ 100 =2 Kanto EL-SSSH

i

TFAQA 10078 /100 o] 2A}ste=z= membrane filter e o<
Z7}5lel 7} membrane filtere 39 Z7|7F FAe AL A
EL-5SS & TAldles S8 Re=2 HA,

AAz Kantodx = 0.2xm membrane filtere] t}& oo
#AZAE 17 WA= 248 FHI= dEstq AL 7FASkelA
o stz 9l o

AAL AAdM e A m5& A @A FTaF Ao o3 HAAI

Aol Qdgelug o3 HII A Fol 7t T OJFRIA =FIFH A
A F2 AxIE AAsoF st AleF ARSA] R =2 REL Qg
= fFYsior & Aol EI AR FAH AFALY oy d9d9 U

stz 8 w37 dojoF & Aol
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2 AT qE 1aAdEe F7] Aok ool &7 &9 AA

H
2 9@ §7], 7 2480l Kantoe EL-SSSFEo| &) %
EOneEE AT Age d4e F Adn

= g%e medd 20% A

< AAst= el AR FIHsH I

TAE clazz@g FEFFS  0.28 %ol =73k e

Al gEel 0.05% otz €58 T2 JAT 25 A A9
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7], ®7] B4Eo| tizte] A AEY  EL-SSS

77 B&Bol zgH¥oz AAHY Ad &#5d 2M4E AL F
At E¢ IuF Fr) EeE AAe s T FNEZ LA

e QA2 Subboiling&Zzg AN HASF A v oy e

A s ALY Zouvz uHAAHZAC Subboiling A= AL£3F

97l s HES 4

AAF AlFde YdARle wxA AFY Aesgs F e F
8 g<le° =HY wxAZ n™EHE FF HF dFsE] dAH
Ao @A 7tA Kantoeo Fr] dalg Al Eel= dA AA7E |
3 7| 89fel] disjA gt EL-SSSEYlA 2umold LA+ E 1007 /
10me °l3lz BREFIFAJA=H M2 FH9Ud EL-UMFdAM= F

7] BofolM = 0.5 umol e <A A7 3070 /mg )3, 7] Bl

2070 /me 32 TAIStZ  Ad. & dATelAY JdA A AHE R

'

9 A 2t Be54S A5 FFEE BelAW QAE AAs

24 & dgo+ membrane filterg o Ho=zm UF HAHRE

slof me&dolegts AL ¥ F YU EE AF =7 ol

AAE AAstnA & ZHSLde membrane filterd 9 =7
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