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A study on the Identification of Sources for Benzene Detected in the Casting Process

Oh Doe Suk'” - Lee Seong Min' - Lee Byoung Jae® - Kim Young Ju*

‘Institute of Occupational and Environmental Health and
‘Center of Masan Occupational Health, Korean Industrial Health Association

The aim of this study was to identify the sources of benzene
detected in airborne of casting workplace where benzene was
not used as raw material. We have identified benzene by
GC/FID and GC/MSD. In this pilot test, small size iron
chamber(diameter 30 cm, height 20 cm) was used. As the raw
materials, new sand, recovered sand, and mixed casting
sand(new sand + solidifying agent + organic resin + coating
material) was tested, respectively. In the new sand benzene was
not detected, but in the recovered sand and the mixed casting
sand was detected. Xylenesulfonic acid(solidifying agent), one
of the mixed casting sand ingredients was thought to product
benzene by thermal decomposition above 400 °..., but the other
raw materials(organic resin and coating material) were thought
not to product benzene. In this experiment, the most of benzene

by thermal decomposition was produced within | hour after
pouring the iron solution(1560 °...) in small size iron chamber.
When the mixed casting sand with coating material was used,
the concentration of the produced benzene was average 2.91
ppm(range 1.98~3.72 ppm), and without coating material,
benzene concentration was average 0.11 ppm(range 0.08~0.14

ppm).

Key Words : pilot test, benzene, mixed casting sand,
xylenesulfonic acid
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Table 1. Thermal decomposition characteristics and decomposition products of plastics*

Plastic

Decomposition temp.

Main decomposition products

Start temp. Finish temp.
Polyethylene, PE | Saturated CH, unsaturated CH,
ring compound
Polypropylene, PP about 300 °C J— Saturated CH,dunsaturated CH,
(200 DC/hr) rimg compoun

Polystyrene, PS

Alkane, alkene, aromatic products
(styrene, ethylbenzene, toluene,
benzene)

- above 200 °C ; HCI elimination

g(\){lgf:vmyl chloride, - above 200 °C ; decomposition HCI & carbon residual, benzene
of chain
Polybutadiene I.3—Butad1.ene, propylene, ethane,
butane ring compounds
Polyethylene 5 Slowly decomposed ' ] . o )
terephthalate, PET 200 °C t high tempesarure Terephthalic acid, benzene etc.
Phenol resin 200 °C Slm.vly ESOTNISES Phenol etc.
to high temperature
ly d

Glass, resin 200 °C e

. to high temperature
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Fig. 1. The size of casting mold and booth for pilot test.
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Table 2. Analytical conditions of GC/FID and GC/MSD for benzene analysis

Classification GC/FID GC/MSD
Temp. Rate Hold Total Temp. Rate Hold Total
5 60 C 60 C 5 min 5 min 40 C = 7 min 7 min
ven ) —— il i 10 mi 80 T 5T /min 0 min 15 min
160 T 20C/min min i 180 C 20C/min~ Smin  25min
. Tamp. Split ratio Temp Split ratio
Inject 3
SEEY 250C 200C 100
Temp. Type- Sensitivity Type Tamp.
1x10"= AFS Trap Manifold  Transfer
Detector 300C FID (autorange full scale) Mass Tamp. temp.  line temp.
160T 50C 150C
Flow/ Pressure Rate Hold Total Pressure Rate Hold Total
Sl 7 psi = 20min 20 min 5 psi - - =
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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 % ; 1) Xylenesulfonic acid ; 1) Benzene, other KH-20
— Xylenesulfonic acid T o organic compounds
(65~75 %), @)} 2) €O, CO:
— Methanol(3~5 %) S0sH 3) SOx
— Sulfuric acid(5~9 %) 2) Methanol ; CH3:OH
Solidifying — Water(20~30 %) 3) Sulfuric acid ; H2SO4
agent ;( company'; 1) Xylenesulfonic acid 1) Benzene, other C-920
— Xylenesulfonic acid 2) Methanol organic compounds
(60~70 %) 3) Sulfuric acid 2) CO, CO:
— Methanol(25~35 %) 3) SOx
— Sulfuric acid(4~8 %)
1. C company " 1) Furfuryl alcohol ; — CO, COy, aldehyde KF—1975
— Furan resin(Furfuryl CHz0H (HCHO etc.), HCN,
alcohol + HCHO + [?]/ paticulate matter,
urea copololymer ; other organic
78~85 %) 2) Urea ; (NH2)2CO compounds®
— Furfuryl alcohol 3) Formaldehyde ; HCHO
(15~22 %)
Organic resin -~ — H>0(1~3 %)
2. K company  ; 1) Furfuryl alcohol 1) furan etc.* FOUNTEK
— Furan resin(5~15 %), ~ 2) HCHO KC—1009
— Furfuryl alcohol
(75~85%)
— H20(1~3 %),
— HCHO(0.1~0.3 %)
— Zirconia(70~80 %), 1) Zirconia ; ZrO2 ~ 00 ALPHACOTE
— Bentonite(below 2 %),  2) bentonite : 880

Coating
material

— Xantan gum(0.7~1.5 %),

— Water(below 25 %)

Al2S1010(OH)2 - nH20
3) Xantan gum
(polysaccharides) ;
D-glucose +
D-mannose +

D-gluconic acid

*: Kolon KH-20 MSDS, " Kangnam C-920 MSDS,
; Kangnam KC-1009 MSDS, *:J Environmental Science and Health;2005.40.15

Resin MSDS,

': Kolon KF=1975 MSDS, ¥ Veneer Bond Liquid
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Table 4. Analysis of benzene from volatile components for the new sand, recovered sands and
solidifying agents

Identification/quantitication
GC/MSD, m/z GC/FID, tg ; min

Classification

Benzene standard solution 78 3.555

New sand * ' Not found Not found

Recovered sand EF21~22, upper of pit* 78 3.553, trace quantity
EF15~17, lower of pit* 78 3.559, trace quantity

Solidifying agent KH—20* Not found =
C-920* Not found -

*; Desorption by headspace. ™ : Charcoal/CS2 desorption

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

sand resins
N Identification )
Classification - Sampling method
GC/MSD, m/z GC/FID, tg ;: min
Benzene standard solution 78 3.555 Standard solution
Foundry sand resin A+B+C+D 78 3.563 Charcoal/CS2 desorption
A+B+C 78 3.568 Charcoal/CS: desorption

A New sand, B : Solidifying agent, C : Organic resin, D : Coating material
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Fig. 2. The structure of Xantan Gum components.
Table 6. Concentration of benzene generated by thermal decomposition in pilot casting process
Foundry sand Test number and sampling time Benze'ne C(:;:C' . Av. Range of
resin PP conc. conc.
1st 2nd 3rd Ist 2nd 3rd
11:55~13;20 11;55~13;20 11;50~12;42 3.04 1.98 320 2.91 1.98~3.72
A+B+C+D -
13:20~17:05 13:20~17;05 - N.D. 0.003 = 0.003  N.D~0.003
11:40~12:40 11:40~12:40 = 0.14 0.08 = 0.11 0.08~0.14
A+B+C 12:40~13:40 12;40~13;40 - 0.03 0.004 - 0.017  0.004~0,03
13:40~14:40 13;40~14;40 — 0.01 N.D. = 0.01 N.D.~0.01

A New sand, B 5 Solidifying agent, C + Organic resin, D ; Coating material

Table 7. Practical concentration of benzene in
pouring position in the casting process for last 5

working place according to distance from iron solution
years

Year Central area(4 x Sm) ; Peripheral area(4~24 x 5~35 m) :
av. conce.(ppb) av. conc.(ppb)
Ist 19 (n=9) 18 (n=3)
2000 2nd 21 (n=2) 132 (n=4)
3rd 85 (n=2) 33 (n=4)
Ist 77 (n=2) 17 (n=10)
2 2nd N.D (n=1) 4 (n=4)
Ist 96 (n=9) 62 (n=3)
2002
I 2nd 6 (n=5) 22 (n=5)
Ist N.D I‘l=8 =
2003 (n=8) N.D (n=3)
2nd 45 (n=5) N.D (n=5)
Ist 124 (n=5 =
560 S (n=3) 41 (n=5)
2nd 16 (n=5) N.D (n=5)

N no g samples
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Fig. 3. The thermal decomposition postulation mechanism of xylenesulfonic acid.
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