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Workers’ Possible Exposure Hazards in Solar Energy Industries
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Abstract : Renewable energy industries, including sola cell plants, has been ever increasing ones for reducing
fossil fuel consumption and strengthening national energy policy. In this paper we tried to identify occupational
health hazards in solar cell-related industries operated in Korea. Poly silicon, silicon ingot and wafer, solar cell
and module are major processes for producing solar cells. Poly silicon operations may cause hazards to workers
from metal silicon, silanes, silicon, hydro fluoric acid and nitric acid. Solar cells could not be constructed without
using metals such as aluminum and silver, acids such as hydrofluoric acid and nitric acid, bases such as sodium
hydroxide and potassium hydroxide, and solvent and phosphorus chloride oxide. Workers in module assembly
process may exposed to isopropanol, flux, solders that contain lead, tin and/or copper. To prevent occupational
exposure to these hazards, it is essential to identify the hazards in each process and educate workers in industries

with proper engineering and administrative control measures.

Key Wonds : Bl 33 AF4](Solar energy industries), Bl %4 %] (Solar cell), 2132 3l 91 A& (Occupational hazards),
21 2] £ (Silicon)
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2F 90% o A& 2t FBR(fluidized
bed reactor) W23 MG-SoG(Solar grade
metallurgical silicon) %] 2 VLD(vapor-to-liquid

deposition)
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Table 1. Subject sites for occupational hazards identification

Class Site District
Polysilicon | © O O Silicon | Jeonra
00O Chem. | Daejeon/Chungcheong
Ingot/wafer . .
A AN Chem. Daejeon/Chungcheong
Module/Cell O OO Industry Daejieon/(fhungcheong
A A A Industry| Daejeon/Chungcheong
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Table 2. Poly-silicon production process and hazards

Process Exposure hazards
Imput Metal Silicon
(HC1
. . . SiCly (STC)
Chemical re?ctlon with SiCls (DCS)
HCl1
SiHy (Mono silane)
SiHCl3 (TCS)
Chemical deposition -
Cutting/Crushing Silicon
Cleaning Acid mist (HF, HNO; etc.)
Shipping Silicon
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Table 3. Monocrystalline silicon
wafer production process and hazards

Process Exposure hazards
Stacking Silicon
Melting Silicon
Body growing Silicon
Cutting Silicon

S=Ef ORISR =& Vol. 33, No. 5, 2013



el 24/ S <l

i

o

oM ERAE 7}

X

B
R

g2 7 B

] Al
=

=

[¢]

A

A

o]

vze)
T

-

DI

fvze)

pyl

A

(2) ©

S

o=}
=

=5 A

22 POCLe O7F A=
o] QI(P)o] Si %

=

i, 80T oA
[e}

P20O5

oA ZFEAIA

d 31

1
)

E7h el

e

‘.._AIO

o
oy

¢+
el
o

i

JDO

W

<
%o

T

o)
0

!

M

—

<
)

T
)

il

JClO

M

2]

o]

Att.

(3) PSGAIA

AAA LA FA 4
Z5

o

=

]
H

)
Al

a5

s

]

[e]
=

=
<]

ToH
o)

= s Aol A2 dloly il

PSG(phosphorus silicate

ey

=)
5

|

R

—_

3.3 A(HFAA)?

}

pul

ke
T

)
Nd
o
e

EAHHF) 4oz A

A5
ax

5~10%= 3]

el

!

1} NaOH

F 22 (dark blue)

1 P71 wolt)

o

u Al "

(4) AP 55

o171 ¢
5 7

o

=

EIEEE
9 5 9k o

21 7} (Isotropic

etching)o] Ty & elth, 18y 71Z o] &
ICP(inductively

==
=

A
I RIE(reactive ion

hul

H,
L

kel

Q

o

87

o]

=

=

12% ©]

)

g

coupled plasma)
etching)°] 2}

o WAL

-

BAA F7

ol
X
Ho

ozl

4

K

4r

o] F-of

o Ql(P)elrt

pnd & (P-N junction) ol A

ol A M #'

A 57
s [}

o

JvAiO

ol

JCLENE

3

_(H

=
=

o]

= o

<]
o
oF

i
3

—_—

0

mr
~
4r

jat
o}J
Ho
r
X

qr
jat

&)

4r
st

=
vie)

X
Ho

o}. POCl= 7FF H

?l.

ol 1

s
a

27

Journal of the Korean Solar Energy Society Vol. 33, No. 5, 2013



e8] Beigel et w8

tol ~E 8 (string)S =T B

S

i wznke] wjd A RS tab

ko3
T

W 2= v} o}

ul

4

BB

firing

@.

A 871 S

%2 ol

e

q,mo

o

pzel

oy

= 342 HE firing 34 o]t}

—_—

Yot Helube, o

=
T

AS

o] #aL, A9l

0
0

o

=0

A

7|0

ol A

)

B
N

7o

9]

e 4

I AAFES A A BT

7b @ ARE&€th Table 59

o
T

=N
D = A |
boaae

)
27

23

. 0O
B or

7] W&o pn A

Table 5. Module production process and hazards
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Human effects

Irritation to skin, mucose membrane
eye & upper/lower respiratory track,

Fluorosis
Irritation to eye & upper respiratory

track, dental erosion

Pneumoconiosis

Irritation to skin, eye & upper/lower

respiratory track

Irritation to skin, eye & upper/lower

respiratory track

Irritation to skin, eye & respiratory

track, CNS" effect

Argyria

Lower respiratory track irritation ,
Pneumoconiosis, CNS* effect

CNS" and PNS™ effect

Pneumoconiosis, Stannosis

Mucose membrane irritation,

Gastrointestinal track effect,

Metal fever

Silicon
HF
HNO3

Table 6. Target organs for solar energy industry chemicals
Materials
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Irritation to skin, eye & upper
respiratory track, CNS" effect

Isopropanol

*CNS : Central nervous system
*xPNS : peripheral nervous system
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Table 7. Korea occupational exposure limits for solar
energy industry chemicals

Materials Occupational Exposure Limits
TWA STEL Ceiling
Silicon 10 mg/m’ - -
HF 05 ppm - 3 ppm
HNOs 2 ppm 4 ppm -
NaOH - - 2 mg/m’
Ca(OH); - - 2 mg/m’
Silane 5 ppm - -
Silver(Metal) | 0.1 mg/m’ - -
Aluminum(Particle) | 10 mg/m’ - -
Lead(Inorganic) | 0.05 mg/m’ - -
Tin(Metal) 2 mg/m’
Copper(Particle) 1 mg/m’ 2 mg/m’ -
Isopropanol 200 ppm | 400 ppm -
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solar energy industry chemicals
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