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Abstract Although the number of chemical accidents has been declining since the Chemical Control Act of 2015,
there have been repeated occurrences of similar types of accidents at printed circuit board (PCB) manufacturing
facilities. These accidents were caused by the overflow of hydrochloric acid and hydrogen peroxide, which are toxic
chemicals used in the printed circuit board manufacturing process. An analysis of the Cl content to identify the cause
of the accident showed that in the mixed route of hydrochloric acid and hydrogen peroxide, which are accidental
substances, the CI concentration was 66.85 ppm in the hydrogen peroxide sample. Through reaction experiments, it
was confirmed that the deformation of a PVC storage tank and generation of chlorine gas, which is a toxic gas,
occurred due to reaction heat occurring up to 50.5 C. This paper proposes a facility safety management plan,
including overcharge, overflow prevention, leak detection device, and separation tank design for mixing prevention
in printed circuit board manufacturing facility etch process. To prevent the recurrence of accidents of the same type,
the necessity of a periodic facility safety inspection and strengthening of the safety education of workers was
discussed.

Keywords : Chemical accident, Hydrochloric acid, Hydrogen peroxide, PCB, Safety Management

"Corresponding Author :Duk-Hyun Kim(Korea Polytechnic Univ.)

Tel: +82-31-8041-0611 email:dhkim@kpu.ac.kr

Received January 17, 2018 Revised (1st March 7, 2018, 2nd March 30, 2018)
Accepted April 6, 2018 Published April 30, 2018

132



PCB A|2AIE o373 St 2AE 58

] e

a7

=2

—

1. M

1.1 SA7EE

2012 1] BAF F2AbaL o] % slatEA o] A 9
FAell gk wrRlejao] Frbge w2013 5€
faleledaaly, & Ao 201530l o]2ef Ag
a7 E9dt) AgE spstEd e He sstEdd s
SAZRA R ARAA 75, FEED A 2 AA
-GE FAE 59 B E Agleinh E=3
steiAta eGP AT, Sl AE 92 ddE vt
A A7E 73}

R
| s

il
32
Job o

>
=
&
o

g1l 10 op K
hiipd
o

o 4 H
)
=

B
3
T

ool 2
A=)
N

> O g

=2
>~

i o

2
N
-

o)

4z
rir
oty
1%
il

>,

ol
-
o

_EL
[\
(e
=
w

W & A o
ol
—Hz

o
2
E)

_
[N}
o
H
=

N
ko

(

ol

ol

o 2

ooy O
R
e,
oftt e

R

(o ot
oty
1%
ol

i _!E il
>
fincs

o
3

Qs ) ek Al

A FE B8 5 S

)

trl

o) | (<3}

Ao Fefstal girk
SHA GRS A A
st et 20154
7, 20174 9
ATH2].
HE VR,
A FEANIL
WA ARILE
tod oo 2
A w371 A
AT A= oF
B HzEIE 9l
AFSAL AR WEE D2 Bl wje} f57ks
7F EAEgl om 127g°] skt 2017 9
2A9] BEFAME Agate] Haoz
dFate] AdE WA Gatat vhg-sto]

2 W ol op
off ot K T

o%
off X

k)
=
Ml oo o
e
-
N
o

=4
)
i
ik
i)
2

)
off uoh g

o

ol

[
o o

b
)
W
i

27k

Ho
o

ml
o

,
2
2
£l
[V}
S
=
(o))
L
~
o]

iﬂ‘
i
o
=
H

0,
22
B

12 o -
o
oty
£
i

jinss
ofy

)

oA
19

o,

Table 12 2017+
(PCB) Azl A LAY
= g ek
FalztetEA
A2}t skA
stk 20173
B diks F

i
i

o
o
N

s

! =
o Ho
LU

[‘Eoll rlr

O

N
>

7}

T
T
ox
ol

(I

-0,

]

w ok
o,
o
ofy
)

ol
ol
(M

)

o

22
(o

Al

w
iines

N
(o]
oy

)

e
i)

b

133

Heow TEEHh 2017d 10¥ 18Y
Bl = A7 PCBE A W At
Jejae] Mg e & 2 E o'
RS0 2 fE57tr) Ay

doz FFHA

Q

oX

o,
ro
4
i
iy
)

frtl
EL
2
o
o
ol

>
o
o
>
N
2
To ot

o]

o4

o
R~ &

o

=

~ 9 1o

[\
S
re
o

3
r\“

(ol
>~
>
fd
r [
of
=)
o,
N
N
(i)
o,
o)
jun}

o
BN
-
>
o
Mz

>

P

o N
Ku
>
1S

N
>
o
e

M
2

>
1o
o
£
{1
2
mII
o%
>

Table 1. Chemical accident case of PCB facility in

2017.
Region . .
(Date) Chemical accident case
Back flow and leakage occurred carelessly during
Ansan . e .
hydrochloric acid injection, evacuation of 12
(2017.3.3) . .
workers due to toxic gas generation.
Hydrogen peroxide flows back to hydrochloric acid
Ansan .
tank. Toxic gas generated, 34 workers sent to the
(2017.9.27) .
hospital.
Incheon Hydrochloric acid, sodium chlorate mixed during
(2017.10.18) | injection. Toxic gas generated and 2 people inhaled.
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Fig. 1. Printed Circuit Board(PCB) plating process.
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Fig. 3. Chemical accident occurrence process.
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Table 2. Exposure criteria for human of HCI and Cl,.

TWA AEGL-2

(KOSHA*) (60 min)

HCI 1 ppm 22 ppm
Cl 0.5 ppm 2.0 ppm

* Korea Occupational Safety & Health Agency
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Table 3. Analysis of the content of Fe and CI” in the
H>0,, HC1 Sample.
Fe
97.13 ppb
228.72 ppb

H,O, Sample
HCl Sample
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Heat flow
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Fig. 4. Heat flow by mixing HCI and H>O..
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Fig. 5. Temperature trend of HCI tank with time by
mixing HCI and H,0,.
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