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4;qA,Fg $ ~ # 3 q  ~ q j + L g q ]  ~)$q? $ Z A ) ( ~  
A) 9 ZH AJA), $ 3 4 $ ) ,  7d 3+4l [(xylenesulonic acid71 FAJ 
F, 4159 ; sko] zl]% KH-20(C/*)) 9 7)GqhE C923 (K 
A)) 1 ,  3 341 [(resin, 4 ] % g  ; % ) ~ l  ~llS KF- 1975 (CAI) 9 
FOUNTEK KC- 1009 (KA)) 1 9 59 41 [(coating material, 41 % 
9 ; ALPHACOTE 880KH(NA))] S q/bFOs %)%q. 

3. ?YZ 3! *l za 
1) 9 z4717 
GC/FIDS$ K M S D  2w $$$+ E;Fl]3 4 3  a@g 

sigma-~1drichh)q $5 99.9 %s h)$%)%~,  5!qLiF$gH S 
A ) $ g  CS22 O-?Sq ~ a k u r i ~ )  41 3 - g  /*)$%)%q. /*I SP4 
011 A)$$ $qL?!G S K C ~  Charcoal tube (100150 mg, 20-40 
mesh)s  hF$-%)%Oy $25 BUCK-GEnvE LO-FLO 9 
Escort Elf ~ 9 %  hF$-s)%q. 

2) 24 71 77 5 2* -18 
94% q9%)71 4 3 GC/MSD% Varian Saturn GCMS 

- 
Hand 

I 

2000% A)$%)%Z, %%P Chrompack DB-wax (401  30 m, 
i.d 0.2 mm) S A ) $ s ) % q ,  gg, g4!q 3 %q A)$!%! 

GC/FIDk Varian CP-3800, Auto sampler? CP-8200, % P 
100 % Dimethylpolysiloxane~ %d$ Chrompack CP Sil 5 

CB (i.d 0.32 rnm, o.d 0.45 mm, film thickness 0,25 ,MI) A)$s) 

% q .  GC/FID 2 GC/MSDq gq Egg X 2 4  eq. 

(1) +gg 3 @d 39% 4 3 h]SZ;xd 2 gq 
+ ! A k  7mPq 3 3 7 1 5  +jxJ%)oj 4 Pq l m g  

= o t  q ~ A E  %H#%)q SLq P ~ z F  +j 01 O l a  10 gP, ZH 
^ J A k  25 f W a ( p i t ,  7 ) s  x 41s x s o ]  ; b,t 8 x 10 x 4  
m) 011hj qL4 $?$? 3 ~ 1 %  (EF21-22)4, bit 2 2  35q 01% 
92 3 XI 4 (EF15-17) q1hj 4 100 g 3 - 5 4  J H ~ J A I - S  %H#S) 

7- 0" q $3 q qq Zi!? 44q O I T  1 1 o g q g  9gg-g !2 
q 24s %)%q. Hg,  g$Lq $A) z j 3 4 S $  2H Ĵh) zj$L 

fSfA) 4 4 3 H ] h j  4 3 Charcoal tubes 30) 0.2 Vmin 
0 s  "It l/*]a # 7 ] 5  %H#%)q gzgq] xq 94% 51% - 
q. Td3+4l(cht9 K ~ F  A]%)? 7Odg +gss o,~ l m g  .='4 
%q] %H#s)q g-gg p gggs  94 24% %)%L+. 3 
341 (c 9 K A ~  41%) 9 s g  41% M S D S ~  ~ 9 9  34 P 
zLAdg 3 $281 /*I d4% g ^ J ~ ] g  A d 2 0 1  $01 ( X  3) 

4! q-? 4% 01)hj 414 %ti! E9 qlO,F ~ ) $ s ) % q .  01 9 41 
3 @$LqAj ~9 h] +gq gj ggq1 zgg q- z g $  y. 

4 5  3& Boll 7d3+%! $2 25% @71 doll 012hl 

71"s $Q*%qq "dq qg %^J 7 k A C ; 1 0 )  3 7 )  

rrHS-Oll 4IQl%)%q. 
gggql Zh;l$$ qs1g +!A), xHAJA), 7d3+4)k G C ~ ]  ? 

q$ Headspace 331 2 01 $404 4 g/*] 3 P/MSD~] f 
w ) o j  s 2 q  gqE8Os Y4$ Headspace 
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Fig. 1. The size of casting mold and booth for pilot test. 
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3.1 2 %%ol 22 ml vial3 44 $A\, JH h$!A\, 4 3j-41 1 8% 

92  80-120 " C V \ ~ ]  (20 min.) 7 \$3  $ 9434 7 
CX:/MSDoll SOJ 5\%q. 9-%,3+A +!A\ xj 3+9F JH A$!~\ 

xj 3ZAFqIhj ",' Charcoal tubeq] # 7 ] S  314 % 
~1S5 4929 &?! T charcoal 150 m g g  ~fl(LHq 5 ml 
vialon 92 CS2 1 ml-5 719 7 9%5\04 vibrators 01$5\ 

t-1 ) ~lE!-.jt 5 A 1 9 0 3  3%]5\q 2 2 q  GC/FID 0;101tlOx7, L 0 L T  2,- 

24  774 0 3 %q%\%q, 

(2) =%!= ol%9- 43441, %44l 2 Sg41 g28H $I 
g 

33j-41, %34]9 Sgdls 952s i!g+j &E% ?! 
3j-~]?]@j g $ j g  9 $ $01~1 993 + 714 ~Jl2s 
4%2 d ~ I 5 \ % q .  3A\(",t20kg), ?i!$-d1(01t0.12kg) 2 4 
g d l ( 9 0 . 3  kg15 595\q E!$!sq] G q  Zg%% 9% 7 
3 g j  +ldq]Aj% 5g  41% 3301 %+ ?2q\ ZXi3\%2, 
7 @q 5 59 413 S P ~ \ X ]  $J%q. 

Zgf 01 $3@ y g z o p j q  " ] ~ P q j +  2% 7% f 
A] Eg5 ?!31]S g o ]  kh(B00th)S $q 7{q 9413 3 
qq]Aj  charcdo] +a@ 801 qq$ 7 H 9 A ) g  P4713 7 
A &Or1 0 7 79 5 Qz-zqq] $%]5\q N I O S H ~ A ~  4% -- 1 L-1 

$ 4 3 . 2  Vmin) 2-3 2-SA13%9b1l O1t I A] a xd 59 S S F  
0-1 charcoal tubes l4]5\YlAj a%S 2-37Hq A l S %  P 
4 4 % q .  

A ] S 7 \  p 4 3  Charcoal tube3 g%<q]A{ gxdg 9951 
71 4 5\04 %717\ Pd@ charcoal tube q charcoal 150 nlgg 
75 mg 4 925\04 i3\LF% Headspace uJgOS 5$qS\q 

0 0 -  GCIMSDZ %4%\%2q, qE  s\LF% xd%x rl3H 5 ml 

III. aq 9 i l g  

1) cszq ttfl,d l;l4 2 Y 3  
E L  =,$ p HSAF$?~-CSZ~~] 75bF-4;3 34% 4]-/1%\71 45\04 

13X molecular sieves 21 4 (Michalko 5, 1989) 5\q 
q. 01 %%O3 l;l43 cszq 33 g39-4 2 ? j % % A ] t  
3.94 ppb, 36.34 p p b l  9 15 ppb ol+PIY! 3%9 $ % q .  01 

2 13X molecular s i e v e s  31 4 %\z] $J& CS2 S 24 A] Y! 
421 3394 2 3%%41%! 10.90ppb, 36.34ppbYq 01t 3 ~ 1  
3~ 9s %z% 2qg %gs 20j$q(717L0 P 0TT 0 ,  

2001). I E g  94 34 44 A] CS2 +A) $$$$ 8/04 23 51% 
q. 

Table 2. Analytical conditions of CC/FID and CC/MSD for benzene analysis 

Classification GCFID GCMSD 

Oven 

Temp. Rate Hold Total Temp. Rate Hold Total 
60 "C 60 "C 5 min 5 min 40 "C - 7 min 7 min 

80 C Sr lmin  0 min 15 min 
160 2OoC/min 0 rnin 10 rnin 180 vOumin 5 rnin 25 rnin 

Injector 
Tamp. Split ratio 
250 "C 30 

Temp. Split ratio 
200°C: 100 

Temp. Type Sensitivity TY pe Tamp. 
I x  l0I2AFS Trap Manifold Transfer 

Detector 300 "C FID (autorange full scale) Mass Tamp. temp. line temp. 
160°C 50 C 150"c 

Flowlpressure 
Pressure Rate Hold Total Pressure Rate Hold Total 

7 psi - 20min 20min 5 psi - - - 



03 t3 - $ B A\$$ f ZAF(3AF)ql  P9$ B ~HhF4-g ;c-lo 0 971 ICHZOIl f ZAFO11P9%!%48 xF9TX;JOS $)$ 
43 J ] ? ] E ~  q $ d ] ~ j  P9$ @?@] %as] 417j 4x1 :$ 4 2  441 q k  x j ~  901 BFAJ 9@fl 2% ~ o ] L + ,  ~3 -# 
2 f ZAF~] q 2% 32s. gEf$L+. 3 3 1  A\$$ "j4 4tl]g<Lg +]-ifl J ] A J A E  A \ $ s ~  9 013 5412 
f ZAFq ~ l A J q l ] %  s+$jgs 4]1)Z18k Z x j o ]  20-LF f q$! + 3% g O ] q .  2fqL-l J ] ~ $ ! A \ ~ ]  SF-+$ @4 %& 
-&+q] ilq$ @4 5 4  %7] q-Q$$-g 4]1)Z1%)7] 913 -g OSHA4 TWAg 1 ppm, ACGIH4 TWAq 0.5 ppm (q3 84 

Table 3. Ingredients of raw materials and prospected products by thermal decomposition 

Major thermal 
Classification Ingredients Main ingredient structure decomposition products Remarks 

prospected 

1. C company lr ; 
- Xylenesulfonic acid 
(65-75 %), 

- Methanol(3-5 %) 
- Sulfuric acid(5-9 %) 

Solidifying - ~ ~ t ~ ~ ( 2 0 - 3 0  %) 
agent 

2. K companyt ; 
- Xylenesulfonic acid 
(60-70 %) 
- Methanol(25-35 %) 
- Sulfuric acid(4-8 %) 

1)  Xylenesulfonic acid ; 

@LM3 SOsH 

2) Methanol ; CH30H 
3) Sulfuric acid ; H2S04 

1) Xylenesulfonicgcid 
2) Methanol 
3) Sulfuric acid 

1) Benzene, other KH-20 
organic compounds 
2) c o ,  C02 
3) s o x  

1 ) Benzene, other C -920 
organic compounds 
2) co, C02 
3) s o x  

1. C companyt; 1 )  Furfuryl alcohol ; - CO, CO?, aldehyde KF- 1975 
- Furan resin(Furfury1 (HCHO etc.), HCN, 

alcohol + HCHO + 0 cHzoH 
paticulate matter, 

urea copololymer ; other organic 
78-85 %) 2) Urea ; (NH2)2CO compounds5 
- Furfuryl alcohol 3) Formaldehyde ; HCHO 

( 15-22 %) 
Organic resin - H ~ O (  1-3 %) 

2. K company ; 1) Furfuryl alcohol 1) furan etc." FOLTNTEK 
- Furan resin(5- 15 %), 2) HCHO KC- 1009 
- Furfuryl alcohol 
(75-85%) 
- HzO(1-3 %), 
- HCHO(O.1-0.3 %) 

- Zirconia(70-80 %), 1) Zirconia ; Zr02 - CO, COz ALPHACOTE 
- Bentonite(be1ow 2 %), 2) bentonite ; 880 
- Xantan gum(0.7-1.5 %), A12Si010(OH)z . nHzO 

Coating - Water(below 25 %) 3) Xantan gum 
material (polysaccharides) ; 

D-glucose + 
D-mannose + 
D-gluconic acid 

*; Kolorl KH-20 MSDS, ; Kangriam C-920 MSDS, '; Kolon KF-1975 MSDS, ? Veneer Bond Liquid 
Resin MSDS, ' I ;  Karignam KC-1009 MSDS, A ;J Environmental Scierice and Health;2005.40.15 



7 7Fx1 "kg 01 4]E%! Pq Zq5011 $Q$ 33 % 9 
g + $01  booths H)S y g  ~$js$ gg r# ~lgs;;.d 
$-5;F4%43&7$ttfl_~32q92 3 g 3 3 4 2 g 5 9 6  

Ol\ 24 gq. 9 6 q l A j  @), 4 @41, % 341 2 Sg 41s A)  

$S)oj E%% 3!%5 4gq]~j +0_? ? ] % ] q ] A j  + A ] D J ]  37H 

q ~]s~~Ih]7,F+~g;1.d~+g~3+7] %qlaJlgg 
% 32 2.9 1 ppm, 9 $1 :I I .98-3.72 ppm ( 34 34 44 3741 

; p<0.01) o12q. ?I%, Sg41S AF$S]K] :J%% [LH 371 I 

A]Q * Z q ] A j  9 ~ J q 2  g4q y g 5  4gqpj g 
2 0.11 ppm, %q% 0.08-0.14 p p m s  5% 41% 5Psi%$ 
IClI1 2q nHP 2%q. 

n g  E ~ Z ~ I  qq +- 71~1 *J$OS 4 1 ~ 3  f - g ~ ~  5 
8 $ $++ Q-gg 9% 4301 441 3% 4% 2j-017) 3x1 

9 4]E$ z g - g q l ~ j  354 g!Zq qs1 ggs1 qq 
01 301 q?-l q$q. 93 015 %g$ %gg hi 
$@ 441 f E34bllAj QSP 9s F97 92 (4x5m) 
qlAj 1W.7ppb7) 43E]%H,cF.(9!?.4, 2001). a;Fg, 59412 
3% 9% qpF 99% qq g+iHq] qsH ~ A J E ] ~  ttfl_zjjq 

"A47jr 37-11 2)0]S go1 2571 q 1~17,rb]] P46)q iI7 L 0- 

201% 3s SqI4lS 3% gsq  $27)  ?-gA)q Aj 

hjz] 33qq W"19 $SsH $5 (4Mb-800 C)7\ 94 
-$x]$c1Aj 4A)q &%$ %gg %0)]Aj L$AJA] 

3 '? 9% 7)+$jo] 5 3 0 s  A)ggq. 5g;F115 A)$S) 

:&%$ 7d -?-2 ?-??A)q] 934 3$ (1560 C) 0 1  % 
rs .,l "d9qq  *qg5 (800 " C) o]+!LLs q q 

714@ q 3  3.3 345  75241 vH$;lOl 9ijH ttfl_$ 

01 5941% A)$ ~l2q pH-?- 97-11 %AJs)% 20% 
q. $3 gi+q] qS)g gaiq g@(%g+$qq $q 1 

Table 4. Analysis of benzene from volatile components for the new sand, recovered sands and 
solidifying agents 

Classification 
GCMSD, mlz GCFID, tR ; min 

Benzene standard solution 78 3.555 

New sand *. Not found Not found 

Recovered sand EF21-22, upper of pitt. 78 3.553, trace quantity 

EF15- 17, lower of pitt 78 3.559, trace quantity 

Solidifying agent KH-20t 

C-920' 

Not found 

Not found 

* ; Desorptioii by headspace, ' ; Charcoal/CS2 desorption 

Table 5. Identification of benzene from volatile components by thermal decomposition of the foundry 
sand resins 

Classification 
Identification 

Sampling method 
GCMSD, mlz GCFID, t, ; min . . 

Benzene standard solution 78 3.555 Standard solution 

Foundry sand resin A+B+C+D 

A+B+C 

78 3.563 CharcoalICS2 desorption 

78 3.568 CharcoalICSz desorption 

A ; New sand. B : Solidifying agent. C ; Organic resin. D ; Coating material 
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A+B+C+D

A+B+C

Foundry sand 
resin

Test number and sampling time

1st                 2nd                 3rd

Av. 
conc.

Benzene conc. in 
air, ppm

Range of
conc.

11;55 13;20

13;20 17;05

11;40 12;40

12;40 13;40

13;40 14;40

11;55 13;20

13;20 17;05

11;40 12;40

12;40 13;40

13;40 14;40

11;50 12;42 3.04

N.D.

0.14

0.03

0.01

1.98

0.003

0.08

0.004

N.D.

3.27 2.91

0.003

0.11

0.017

0.01

1st             2nd             3rd
1.98 3.72

N.D 0.003

0.08 0.14

0.004 0,03

N.D. 0.01

Central area(4 x 5 m) ;
av. conc.(ppb)

19  (n=9)
21  (n=2)
85  (n=2)
77  (n=2)
N.D (n=1)
96  (n=9)
6  (n=5)

N.D (n=8)
45  (n=5)
124 (n=5)
16  (n=5)

Peripheral area(4~24 x 5~35 m) ;
av. conc.(ppb)

18  (n=3)
132 (n=4)
33  (n=4)

17  (n=10)
4   (n=4)
62  (n=5)
22  (n=5)

N.D  (n=3)
N.D  (n=5)
41  (n=5)

N.D  (n=5)

1st
2nd
3rd
1st
2nd
1st
2nd
1st
2nd
1st
2nd

Year

2000

2001

2002

2003

2004

1
6 1

7 5

o. p o, m
phenol

novolac
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Dugan RS 2005 cyanate ester resin
FAA

2001
KF 1975 FOUNTEK KC 1009

ALPHACOTE 880 3

resin
furfuryl alcohol 0.7 1.5 %

2
D glucose 2 D mannose hexose 

D gluconic acid
2 106

2
xylenesulfonic acid

Xylenesulfonic acid
Xylenesulfonic acid C S C C C C

C S 65 kcal/mole C C 83 kcal/mole C
146 kcal/mole

SO3H CH3

SO3H SOx
SIC, 2001 CH3

C C C C
C C C C

1.5

Q mct Q kcal c
kcal/kg m kg t 

0,414 kcal kg

1 SO3H
65 kcal = 1 kg x 0.414 kcal/kg t1 t1 = 157   
2 CH3

2 x 83 kcal = 1 kg x 0.414 kcal/kg t2 t2 = 400 

150 t1 SO3H xylene
400 t2 xylene CH3 benzene

polycyanurates
400 450 FAA 2001

400 800 
500 700 

800 

xylenesulfonic acid

1560 

xylenesulfonic acid
postulation mechanism 3

1

trace quantity

2 Xylenesulfonic acid 400 

furfuryl alcohol

�Æ •—



4 3 41 4 SAd %%l furfuryl alcohol01 4 29 4 5 4  a'C@q] 
A j 5  g g q q ]  481 7\&AJ $+%I$ ~ J A d 8 \ 4  gdg AJAdS] 

x] 32s. gqgq, y g s s  O ] $ g  $%q]Aj gF8H 
q] qg 3414 q y g o ]  25% yg 4 %t l A ] a  4611 
F! q .  
3 XH 4 #dl q SAd g?! xylenesulfonic acids  q 41 3 9 2 - L u x O  J 1 $ j 0 ~ 1  qm 3 7 1  sol] g9$,;4103. ad01 z 

g z j g  ~ 3 7  qp 8 3 f Y+?FDJ1 444 3 %OF0114 i z  
$4 @7]% q q O ) g q .  F% 3zg yg % 1~13 3s 
' L $%$? a-14 244 p i E y ~ j  '$j4 LL?qd qqs5k 
301 Q73q. 

" " O  ."'"o] 7 7 1 ~ ~ 5 4 3 A j  $dg% 3. 59415 dlTx4 0~ 

s-g 44  41 8\q €+ ggsq $4$31% EgFf t q 3% 8\ 

5 301 A J ~ _ F @ + .  01% :--3 E % S ~  f ~ A E  549 
qsgdl%5g5\x $g 35% yg I++ ",t 1 ~ 1 7 , ~  35 
h ] g %  %H#8\q 24% 34 g d ~ ]  g 3  2.91 P P m ~ ]  a 3  
s ] % O ~ ,  59 "1% A\$';Fx] $&%$$ q 5  59 41% 
+& q!ilq DIP %8 g 3  0.11 p p m ~ l  33-9 X2.Z +?3 
2- 01 -r MCF 
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