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Sureekarn Totaiya 2010: Effect for Health from Sulfuric Acid Evaporate at Fork-lift
Battery. Master of Engineering (Safety Engineering), Major Field: Safety Engineering,
Interdisciplinary Graduate Program. Thesis Advisor: Associate Professor

Krekkai Aryuwat, M.Eng. 127 pages.

This thesis studied the sulfuric acid (H,S0,) evaporation during the fork-lift battery
changing. In this study, pyrosim version 2010 was used to model the sulfuric evaporation
compared to chemical test by Ion Chromatography Method. The results leaded to the suggestion

of air ventilation and personal preventive standard.

The results illustrated that the battery charging released H,S0, to air and spread over
battery. Test chemical in the air by ion chromatography method contained 0.002 mg/m3 H,S0,
which followed the standard of ACGIH (American Conference of Governmental Industrial
Hygienists). After ventilator is operated all of H,S0, can be eliminated. With 60% ventilator
efficiency, the model of sulfuric evaporation showed unsignificated amount of H,S0, which can

gain energy conservation and H,S0, was not over the standard at 0.2 mg/m3.

Student’s signature Thesis Advisor’s signature
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42 0!
MW 8 Juapumsussguuameanaly 1
nn: Battery Council International (2009)
o B 4 Y s A
MIMNUVBIUANDTTOEUA U5znouIe 3 03dilsznou Ao
. . = 2] J [l
1. Lead dioxide (PbO,) A ladon lsaunuiusiauin

2. Sponger lead (Pb) WoanzMuUULHLT 9L
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Discharging Process:

T

=8 1= POSITIVE
A Lead )
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] 'mad sulfate

ELECTROLYTE
l'h; sulfaie nlliﬂu:laazldht;jn -ﬂu.w
———active matenals an 5 ng weal
" "'“.':,E,'dl'ﬂgm! acid solution, Hydrog=n nltha’m:I
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M 4 T
MU 9 TuUADUMIUITDAADINA 11 2

nn: Battery Council International (2009)
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1.5 FMEA (Failure Modes and Effects Analysis)
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1. Lﬂ?ﬂﬂﬂﬁ]nﬁima{Toshiba Protégé Intel Core 2 Duo 2.6 GHz, 1.99 GB of RAM
2. inFesfiuiuiinaires HP Laser Jet 2420 series

3. inFesiiensantadmsy SadSmamsszmevesnsadarsnluerne

4. n3esilenirniadmsusasasims lnaveserne

5. T5unsu Fire Dynamic dm5ueenuuuitassms lnaveslonsa

6. T15un353 Microsoft Office 2003 @1USVIANUONAIT

1. UszliunanssnunNudeaa1835n5 Risk Assessment Analysis

@ o
2. AnEIENEULANINIIAGOUYDIR 09152 YUUANDTT (Dip Room) Y11 15x10x10
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M1519N 12 M5 UANUTea

Health and Safety Risk Assessment List of DC Bangbuathong

Date: 4 August 2009 Rev. 6
Risk=SxP
Area/Facility/Activity Hazard Next Steps Who | Status Reference
Risk Risk
Value
1. Maintenance Shop & | Slip on wet floor. WU 6 Low Housekeeping after finished | FM | Done
[ [ Y Y Y
Battery Charger auduileesnniuiiiniu work 1A NEZDIANY
NAUANIU
@ = @ o YA Y
i]mmﬂmmmwu"lmﬁm
Been nip by the cover of 6 Low Repair and lifting by FM | Done
battery. WHnNUYNHIATOY technician. §ouLazan lag
HUANBDINY BN
Provide work instruction at FM | Done

14
[ % o

working area. 9AN1VUADU
a va A A 9
miﬂg‘ummmwﬂm

=
HUANDT

I8



M3519N 12 (99)

Health and Safety Risk Assessment List of DC Bangbuathong

Date: 4 August 2009 Rev. 6
Risk=SxP
Area/Facility/Activity Hazard Next Steps Who | Status Reference
Risk Risk
Value
Battery fall from broken crane. 6 Low Use safety latch at hook FM | Done
A o q ¥ @ o =
LLU@L@@?WQH%WﬂLﬂiHWﬂW Qﬂﬂiﬂiﬂ@\iﬂﬂﬂ@ﬂﬂ@]%ﬂlﬂ
a = o o =
!ﬂﬂﬁﬁlﬂuﬁﬂiﬂ]‘lﬁﬁ Nnunu 1N
Conduct inspection by FM | Done
engineer for every 3 month.
< a A
G\i?%t‘lﬂﬂiﬂﬂ?ﬁ’)ﬂiﬂﬂ 30U
Electric shock by touching or 16 Low Implement procedure & FM | Done
come in contact with both training for battery charging
terminal. INANTHOA safely. 9UTNITMININU
zﬂ' = [T osj ] [ Y @
Lut’]ﬂﬂTﬂMIﬁ‘HgﬁMNﬁ"U’J fJfJN‘IJa’l’)ﬂﬂEJSlWWHﬂﬂu
o
HUALNDTITT

4]



M519N 12 (99)

Health and Safety Risk Assessment List of DC Bangbuathong

Date: 4 August 2009 Rev. 6
Risk=SxP
Area/Facility/Activity Hazard Next Steps Who | Status Reference
Risk Risk
Value
Insulate the terminal. 1/91}11 FM | Done
auauﬁ%@umm@é
1. Maintenance Shop Electric shock by touching or Implement procedure & FM | Done
& Battery Charger come in contact with both training for battery charging
terminal. 1NANT TN safely. 9UTNATNMTNIU
iiosnniiTans duiain pgaasaneliniinau
ummaﬁ'
Staff splashed with sulfuric 12 Medium | Provide PPE in Battery FM | Done
acid when fill the distill water charge area. 3av1 PPE 141
in battery. dNHAE15IAN WINIU
vazAuihndy

€8



M3519N 12 (619)

Health and Safety Risk Assessment List of DC Bangbuathong

Date: 4 August 2009 Rev. 6
Risk=SxP
Area/Facility/Activity Hazard Next Steps Who | Status Reference

Risk Risk

Value
Implement procedure & FM | Done
training for battery charging
safely. 9UTNITMININU
pgilanansInwiinau

Breath in acid gas while pour 8 Low Exhaust installation @ ﬂ‘ﬁﬂﬂ FM | Done

the distill water in the battery.

gaan loszmoansindl

U

91MA
. @ L4
Provide Mask 39%191/n3al
Auasosnnuilasafodiu
9
yAna (111NA)
Workplace measurement

2 = dy d' o
ATWIATIAN TUNUN TR

¥8



M3519N 12 (619)

Health and Safety Risk Assessment List of DC Bangbuathong

Date: 4 August 2009 Rev. 6
Risk=SxP
Area/Facility/Activity Hazard Next Steps Who | Status Reference
Risk Risk
Value
Explosion of hydrogen from 6 Low Check ventilation system FM | Done

battery charging where gas
not extracted by ventilation
a %)
canopy NANITHSTNUDINIY
&
"laimmummmﬂizuu
sranee1met It i

NANITILILA

[
before working (¥ATE UL
SEUNYDINANDUIT U

PM Hood

S8
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(1l9NA1391994 13)

E=AxKmx {MwxPv)/(RxT)} (1)

(7/9) (-1/9)
X

Tag  Km=0.0048 x U x Z ¢

S IWATADIUIN (m/s)

Sc = (v/Dm)



A
N\ E

87

9 0N INTISINY N 1anTuADININ (ke/s)

Y

A Aa 2
WUNHINTTSLHY AT IUNAT (m)

1 t:' 1T A =
3] ﬂ"lﬂ\iﬂﬂWiVlﬁﬁsUﬂﬂ’iﬂﬂ']ﬁ WATADIUN  (m/s)

r D DDr 2D
@

E4
o

v 11%in Tuanavedans (kg/kmol)

b

A0 AMTIAUDINIAVDIAT (Pa)

v
1 =

=) 1 a
B ATPNNUDINIY (ﬂiﬂ“ﬁﬂﬂviﬂ 8314 J/(kmol K))

NN 1A (K)

@
B

[

A310uNANVGR 10 1WA TunUIY AsABIUIN (m/s)

o

9 AAINYDIBINA

2 AaNMs lvaveseme iwooima lvaludnuaz ainaue

v
2 a o

' A = 2
Q] @51ﬂ1ﬂﬂﬂﬂ13llﬁasllﬂ\1@1ﬂ1ﬂ NYUHHUUUN (m’/s)

G

D D D D D) I

9 UIUANVHUWUUYDIATIAY 11D INIA A151UNATADIUIN (m/s)

o))}

L

[

ad o IS )
ADNITATHIUNAIU

E=AxKmx {Mw x Pv)/(R x T)}

[ d’ 1 9 a [ a d! =
unumasiaegadluaunms Taeldmguugiivesnsadaysn luvmzilszyihaadl

aNQi 50 °C

Yo 3 A A A A ad 4 9o
Lla$1%ﬂﬁ31?]'31115331@\121%1/]61?7']?[1!\1?]@ 1 1A T/AUIN NUNHUINAUD

o~ ' Yy v v (A I A VA
HUABTT 1.5x0.5 tUNT ﬂ'lﬂ’)'lllL“llilsllu‘ll’t’)\‘]ﬂiﬂcﬁﬁw‘jiﬂiuuﬂm@]’ﬂiﬁ 1D 33.55% HATAIDU

9
Y

agd1daadl

H,SO,
A
Mw

R

50°C=323K

9.83 m/s (tHeudasimsgauesinannuvmzilszy luih nih s2)

= 33.55 %wet

0.75 m’
=98 kg/kmol
= 8314 J/(kmol K)

=15
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WA Py Inaumsvananveaussauilsen moihuiumum luaumsniensing

log,,P = A+BT+C log, T+DT+ET’ )

Lﬁ@ A =2.0582
B=-4192.4
C=13.2578
D =-0.00122
E = 5.54E-07

log, P = -3.078

Pv =10 Iogmp
Pv =0.001 mmHg
Pv =0.11 Pa

1A Dm (Wosu U luaumsnionsInMsssme

11D D(H,0) = the molecular diffusivity of water = 2.40E-05 m’/s at 8°C

(1/2)

Dm  =D(H,0) * [Mw(H,0)/Mw] " (m’/s) 3)

(172)

Dm = 2.40E-05 x (18/98)
Dm =2.40E-05x0.428

Dm  =1.03E-05 m’/s

1A Sc Lﬁ@ﬁﬁJHmu%ﬁiuﬁﬂJﬂﬁﬁiﬁ@31ﬂ153$mEJ

Sc = (v/Dm) 4)
Sc = 1.83E-05/ 1.03E-05
Sc =1.78

IR Km Woiuumnua luaumsnisnsinmsssvie

(7/9) (-2/3)

Km = 0.0048 * U7 * 727" » g¢ (5)
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(-1/9) (-2/3)

0.0048x9.83""x 1.5

2

x 1.78

]

0.03 m/s

o 1 dl 9 dl 1 dl @
UWQTVI]lﬂi]Tﬂ’CTllﬂ”IS'VI 2 3@ wumum luaumsi (1) OATINTISINYUDINT

E = A xKmx {Mw x Pv)/(R x T)}
E = 0.75x 0.03 x {(98x0.11) /(8314 x 323)}
E = 9.36 E-08 kg/s

~ Y ~ v [a Aou WY a v o
L']_Ig'flllmEJTJﬂ’NlJQﬂ@ﬂ\ﬂﬂﬂmEJ‘UﬂTJ‘]_IillW]iUlf’Jﬂﬁﬂ‘VI’Jﬂ]’lﬂi]iﬂiu”ﬂ@ﬂﬂﬁ%mm@]m@iﬁ

[ { o
n57991a81% Ton Chromatography Method 13niituamesidunal 1 u.

d’ Y] < o a an
MNN 46 aﬂymzmim‘ummﬁuazuﬂﬂmﬂﬁaumﬂimmﬂiﬂiﬂfJ’J‘ﬁ

Ion Chromatography Method

fn: guinsznedudmalilada (2552)



M3199 13 wamsnsdaiansadayfaluerna

Customer Name

Address

Bangkok

Project Name

Test Tech Co., Ltd.

malf Tada (DC — 11911M89)

90

10/188 Moo 3 Soi Watsisuk, Rama 2 Road, Bangmod, Jomthong,

Sampling Source Work Place Air  Sample Condition Good
Sampling Time 10:05 - 11:05 Analytical Date November 19, 2008
Sampling Method NIOSH Analysis No. WA362/2551
Method of Standard
Item Sampling Area Parameter . Unit | Result > .
Analysis Thai ACGIH
1. | Resmsauuames | Sulfuric | lon mg/m’
q}@ﬁ 1 Acid” Chromatogra 0.002 1 0.2
phy Method
2. | Rowndauvames | Sulfuric | Ton mg/m’
ﬂﬂ“ﬁ 9 Acid” Chromatogra 0.001 1 0.2
phy Method

R " Notification of the Ministry of Interior, issued under the Announcement of the

Revolutionary Party, No.103, dated May 30, B.E.2520 (1977), published in the Royal

Government Gazette No0.94 Part 64 dated July 12, B.E.2520 (1977).

¥ ACGIH = American Conference of Governmental Industrial Hygienists, 2007.

¥ Analyzed Sample by The Reference Laboratory and Toxicology Center, Bureau of

Occupational and Environmental Diseases, Department of Diseases Control, Ministry

of Public Health.
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manududunldnnmsasinialonsadaysnluerneie 0.002 mg/m’
Aty ke/s a2 1@ [(0.002/10E06) x 100 x(15x10x10)}/3600 = 8.33 E-09 kgs

851 Isvivenna 1dnmMIfuIuAe 9.36 E-08 ke/s

o sy 9 o = 1A R
8n3INI TN 1AINNTAININAD 9.36 E-08  ke/s ATNInT9930 1dA0 8.33 E-09
keg/s MM IATANNUANAIIAUN 8.53E-08 AIAINLANAINAING1ID1DIITDINININ AW
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E =9.36 E-08/0.75 (mmwﬂﬁéfﬂmmuum)

E=125E-07 kg/m's
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ADIABATIC » | Surface ID: ;SuIF-ur-ic. vapaur
air condition 5 o I
Elai escription: L
concrete wall Color: E] Texture:
INERT ————
JetFan Surface Type: | Supply bl

& |
methanol vapour -
MIRROR Air Flow | Temperature | Species Injection I Particle Injection
OPEN

) MNormal Flow Rate
Fine S—
Pinen2 () Spedify Velodity: 0.0 mfs
PV () Specify Volume Flux: [o.0 | mifs
PV CO02 -
stesl sheet (@ Specify Total Mass Flux: 11.25E-04 kaj({mz's)
Slealsrnelliz (7 Specify Mass Flux of Individual Species
steel sheet0202 y N A —
Tangential Velocity: 0.0 | mfs
Supply Vent
Py Slip Index:
SURF
SURFO2 .
ile material —— o
ile materiald2 Wind Profile: [Top Hat (Default) - |
‘Add From Library...
Apply ] [ QK ] [ Cancel

HNUATDUNIZY

pansadasn aalulsunsy

ADIABATIC
Blow

INERT
WetFan
MRROR
(OPEN
‘Supply Vent
SURF

# | surface ID:

Description: L
Calor: @ Texture:
Surface Type: [E)Ia—u-st -

Air Flow

Normal Flow Rate

@ Specify Velodity: ‘Lulu '; mls

(7 Specify Volume Flux: oo | migs

() Specify Total Mass Flux: [0.0 | kg/(m#s)
Tangential Velodity: ‘00 mfs
Slip Index: ‘05 y

Ramp-Up Time: |Default

Wind Profile: | Top Hat (Default) =l

Add From Library. ..

Rename...

IIIH 1

Delete. ..

apply | [ ok

==

d' (Y <
MW 49 unumvas Mz lumsgaomalullsunsy
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065
0.55
052
0.45
0.349
0.32
0.26
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013 ‘

0.06

o.0n

4 a 4 o 1 1A [
ﬂTINﬁ 51 MNUFAIUATIEHLUDIDDN Iﬂﬂﬂﬁ]1ﬂﬂ1ﬂ31ﬂl‘fl}3~la mmz"lmﬂﬂwmmxmammﬂ

1.2 imsaealael¥lsunsy Fire dynamic Pyrosim 2010 Tuvaizitlaaay

T8V INIH

Tags1aoins lvavedlonsaluvazilaszuuszineeima aaluvuzni o

A A A A a oy v A o= 09/1
NIANINNAA ﬂanJﬂwmmumﬂaumm@maisnﬂgﬂ N3 100 gn

L)



MMIIATZVUANUAINITDVOINAAUTZUIEDINA Tﬂﬂ’jﬂﬂ?\‘ﬁ)"lﬂﬁﬂ"lxﬂu

PNA 52 M375393A0A51M3 IMavesema

fan: quinszaneaudumaldlada (2552)

96



@ 1 v o
ﬂ'ﬂuﬁ]m]iﬂﬁli‘lﬂ'ﬁﬂﬂﬂﬁlﬂqﬁ VDINAANAADINA W‘U'J']ll@afwaﬂ'ﬁﬂﬁjﬂjﬂlﬂu@

A

97

A { o < o @ 1
!lUQﬁu%ﬁﬁ]W@aMﬁgU1ﬂ@1ﬂ1ﬁlﬂu 539 LHAagMNITATINIAUND YA

9

v A

NU

200 cm. 200 ¢m. 200 .
. &
£ @ @ ®
et
@
Line.l Line.2 Line.3
e ©
® g
2
-~
400cm . .
= .
§ ® @ @ Line © @ @
)
D
- g
® 2
=
84cm. 460cm. 460cm. 34cm
. @ e e ®
£ ® ° g ®
“Le ( BN L BN @ |
Line.8 Line.7 Line.6
M3131 14 Ja9a31m3 lavesoma
Line Total(ft/min) Average (ft/min) Area(th) Flow(cfm)
1 800 160 7.32 1,170.51
2 370 74 7.32 541.36
3 1150 230 7.32 1,682.61
4 980 196 14.63 2,867.76
5 980 196 14.63 2,867.76
6 1300 260 16.83 4,374.80
7 1060 212 16.83 3,567.14
8 800 160 3.07 491.62
9 480 96 17.21 1,652.49
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