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Name : Mr.Supakorn Charoenprasit
Thesis Title . Mineral Oil-based Coolant Life Extension
Major Field :  Production Engineering
King Mongkut's Institute of Technology North Bangkok
Thesis Advisor : Associate Professor Dr.Surapol Raddnui

Academic Year : 2006

Abstract

A coolant has an effective substance which is used to improve the efficiency of
manufacturing processes such as turning, milling, cutting, grinding. The main functions
of the cooclant are heat exchange, and decreasing the friction between workpiece and a
cutting tool. Coolant also extends cutting tools life. Moreover, coolant can control the
dimension accuracy during machining operation because of reduction of thermal
expansion. The indirect advantage of coclant is that it enhances the metal removal
from the cutting area for prevention the built up edge effect that has an effect to finish
surface roughness. Which have an effect to life time of the coolant was defined as the
objective of this thesis. The quality of the coolant at various condition was monitored.
The experiment was categorized in two main groups, laboratory test and real
application test. At the conclusion, the factors having an effect to coolant including the
solution substance in water, the concentrate of coolant, ingredient of tramp oil and
quantity of the scrap in the coolant.

(Total 107 pages)

Keywords : Mineral Qil-base Coolant, Coolant Life Extension
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Mineral Oil Water ]
Thermal Conductivity, W m™ K 0.1 0.6
Heat Capacity, kW s kg K 1.9 4.2
fHeat of Vaporization at 40 “C kW s kg . 2400
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Materials Materials (Selected examples) Machinability index
group {(approximate

average values)

Group 1 | Free cutting steels 80
Unalloyed and low alloyed hardened and annealed
steels (C 15, C 35, 16MnCr5)

- Automatic machine steels (8520, 9SMnPb23)

- Construction steels (St37, St60)

Group 2 | Difficult to machine steels 50
- High alloyed hardened and annealed steels
{24CrMo5, 42CrMo4)

- High alloyed chromium steels {X8Cr17, X40Cr13})
- High alloyed chromium nickel steels (15CrNi6,
18CrNi8})

- Rust and acid resistant chromium nickel steeis
(X2CrNi189, X10CrNiMoNb1810)

- Cast steel (GS-Ck16, GS-37SiMn75)
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aT9f 22 (aia)

Materials Materials {Selected exampies) Machinability index
group {(approximate

average values)

Group 3 | Most difficult to machine special materials 25
- Nickel and nickel alloy (NiCr10, NiCr1820)

- Manganese and silica-manganese stesis
(40MsCr22, 65SiMn5)

- Chromium molybdenum stesls (24CrMo35,
X6CrMo4)

- Silicon steels (383i6, 553i7)

- Titanium and titanium alloy {TiAI6V4, TiAI7Mo4)

Group 4 | Gray and tempered cast iron (GG-25) GTS-45) 60 to 110

Group 5 | Non-ferrous metals 100 to 600
- Copper and copper alloys (G-Ms65, G-
CuSn10Zn}

Group 6 | Light metals 300 to 2000
- Aluminum and magnesium alloy (AIMg5,
AlIMgSi1)
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Alkali and alkanolamine saits of carboxylic acids

Sulfonates

Alkali and alkanolamine salts of naphthenic acids (naphthenates)

Amine

Amide

Benzoic acid derivative (derivative of p-terf-butylbenzoic acid)

Amine salts, acidic phosphor acid ester

Boron compounds (boric acid amide)

Alkali nitrite (sodium nitrite)
.

Alkali carbonate

Carboxylic acid derivative

Alkylsulfonamide carboxylic acids

Arylsulfonamide carboxylic acids
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51N 2-3 (de)

Fatty sarkosides

Phenoxy derivatives

Sodium molybdate

J : 3‘ 1 = (¥ ] :’ L4 ]
A3V 2-4 muwﬁmaamwaawuuuuvluumuuus 1

Inhibitor system, sulfonate- 14.0 Mineral oil
naphthenate-nitrite: 1.1 Sodium sulfonate
1.6 Sodium naphthenate
8.0 Naphthenic acid
11.8 Monoisopropanolamine
25 Sodium nitrite
61.0 Water
Inhibitor system, borate- 207 Mineral oil
amide-carboxylate: 15.8 Water
58 Sodium borate
12.6 Block polymer from
polypropylene ethylene oxide
8.0 Fatty acid amide
37.1 Alkanolamine salt of a

carboxylic acid

Inhibitor system boramide: 30.0 Beric acid amide
5.0 Polyolester
10.0 Alkanolamine
1.0 Biocide
54.0 Water
Inhibitor system carboxylate: 30.0 Alkanolamine salts of a

carboxylic acids
10.0 Alkanclamine

1.0 Biocide
59.0 Water




a1397i 24 (Aa)

15

Inhibitor system carboxylate:

250

5.0
5.0
1.0
64.0

Alkanolamine salt of oleic
acids
Hydrocarbons {mineral oil)
Glycol
Biocide

Water




NN 3

NISALRWINWIDE

m‘ﬁ’ﬁmﬁaﬁﬂm'iﬁnmﬂa{fﬂﬁLﬁmﬁmua:mwammur:»iamqn‘nﬂ’ﬁ'mmanfwdaLﬁu,
w%’au‘fﬁmummo‘lunﬁﬁmmqumaimﬁu

suaonlunisindsuiiadnenthdsfifioades wazdINanIENUdaagMIlinuLes
vihmaalfusiashduusnasi lasazuanynnisisneenids 2 1298a

1, nwmﬂaaﬂmﬁmu@wnﬂﬁma%ﬁﬂwadamqmﬂ'ﬁmu

2. msnassslapnisidrumeldnssudnisniauuuandaidies (Single Cutting
Edge) sheAtmsnaameldidanlafidimua

3.1 msv‘hmsnﬂaaqf@ﬂﬁmumﬁmﬂsﬁlﬂzﬂnadamqmﬂﬁmu
i'aqua:qﬂmrﬁﬁ‘lﬂunwmam Usznaveae
1. vhnsadusfiaiduusnguh (nd 3-1) lapdguauanimaniw &ait
1.1 ANUTITUNE (13:1 =1); 0.9196
1.2 fanuiunsa-a19 (pH); 8.7
1.3 300l launs5uiT Cleveland Open Cup >154 a4¢n
1.4 @1RUNila: 66.4 - 85.4 ¢St §I 40 0@
2. szt ‘[muﬁqmﬁuﬁﬁﬁaﬁr
2.4 aanudunia-ans (pH); 7.4
2.2 f1AIUNIEAN (Hardness); 68 ppm
2.3 @1 TDS; 162 mg/l
3. thdunseduradon (mwi 3-2) T@uﬁﬂmau%é’qﬁ
3.1 ANUNNIULWE (1,1?, = 1); 0.8925
3.2 0210 launysudT PmCe >365 aen
3.3 faThanuniia; 105

[}
=4

3.4 arenuniia: § 40 897 68.3 cSt
7l 100 p9m1  8.94 cSt
4. mauazmrusilFlunsuauiammasss (nwd 3-3)
5. 1A3a9TAANUTNTULBIFIUNEY (Refractometer) (SWT 3-4)
6. \3asiladad pH (pH meter) (MWl 3-5)
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7. wowdadauNsEReTaih (Ml 3-6)

8. tuaufildrimimesssdaiidnsinislne 5 a3 da widl (MWl 3-7)
9. qﬂmrﬁmuquqmﬂqﬁua:'lﬁ’mm%'au (MW 3-8)

10. masludiaad (mwfl 3-9)

11 maazlumanuwa 90-125 lulaswas (mwit 3-10)

h VR | &
NINN 3-2 WIUBARDAUINILRD YL



| -
NINN 3-3 VIAUAEINTUET LT IUNTHRUURENARDY

d 4 o Y .
AAN 3-4 LATBIIAANULTUTUIBIRIWNEY (Refractometer)

18
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NN 3-5 LaTa9ilanadn pH (pH meter)

AINN 3-6  LOUNAFIANUNTEEIITaIRN



= a v v
NN 3-8 qﬂnmfmuguqmﬁquuaﬂnm’lmau

21
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d =
AR 3-9 naslufiiaad

4 .
AN 3-10 w3z luwanawie 90-125 lulasiuas
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Tautituaaunmanassil
1. Fmseauivsaliulasihdaefinsuaudiannududude  wiasta
ANMULT NI UVDIFIUNEY (Refractometer) EmfﬂiamamaaLﬂ?aai'mavﬁaJLﬂTuﬁuﬁaoaz‘JJ"?'} 3.3%
Lﬁaomnmﬁwm'swawti"msiatﬁu‘[@uﬁmuﬂmmtﬁuﬁuagﬁ 30 : 1
2. dihwsafwiinsissudnhinladeoln elwldanuldlasimualiisines
simsalfinda 900 cc Taswsdatnsnandly 10 daaths
21 twaadn
22 Wnaalius unsuvionsd 10%
23 smaaLfine UnTuWeand 10% + LAwAEN 3.000 ppm

=

2.4 dwdaliu+ unsuweaud 10% + WWWIREN 3,000 ppm + AIUuaUnndl

U
55 aden

Py

25 twsaifur unsuvosss 10% + Lawnan 3,000 ppm + ALAUUNDT
55 83A1 + WuwWaIs N
26 TmaaLfins LwInAN 3000 ppm
2.7 vwdaifu+ unsuvonss 10% +AUUYANDE 55 BIAN
2.8 wmasifiut [wnan 3,000 ppm +AUNUUANT 55 paEN
29 shmdaifiu+ unsuaand 10% +muq‘uqnm:‘}ﬁ 55 89fN+ WunNaIIMe
2.10 imaoiu+ Lamnan 3,000 ppm +AIUANY AN 55 a3¢n + Wunasa e
3. laghmaniiu 900 cC axfimin 894 n¥u
ez lumdn 3,000 ppm 9=imiinda (894*3,000)/1,000,000 = 2.68 N3
unsuoaws Seldhiundainnaden 10% = 90 cC
4., ﬁ1ﬁ1“dmﬂuﬁﬂﬁmﬂﬁﬁ’mqmwnﬁﬁﬂﬂﬂlﬂuﬁaﬁw Taslwindudanaslums
wanuden (mwd 3-11) ‘[ﬂnﬁ%\amqmﬁn“ﬁ i 55 BIFURIFB LB UN U NI
LLa”w‘hm‘sﬂ%'umLﬁalﬁ‘lﬁqmmﬁﬁﬁmms
5. dnimsafiuiiiduliesaaanunasemadassiiua
6. mriadusnfivtouslasutiaiuiiuging moluam 45 ulasriins

Wudayamaneningng 15 u
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]
= e

AW 3-11 L'hvsa‘aLﬁuﬁumuﬂiﬁmth{}mWm‘inLﬂuﬁ'mma’lumiﬁ‘lmm%‘au

3.2 YnsiAuGatfiaYiin1saTI9dauaN pH

3.2.1 linsaage @Jﬂﬁmdmﬁmﬁaﬂaaﬁuhﬂﬁgm unsuWaasd Juan (N 3-12)

3.2.2 heatimaaiin ﬁqmﬁumﬁﬂﬂlﬁ Beaker (fivlHiayhmsiad (mwdl
3-13) d’zuﬁ?amaﬁﬁmﬂﬁ‘mmﬁauﬂ:ﬁawa'lﬁﬁqmmqi‘;aﬂaomﬁqmugﬁﬁao RO
Furhmyias

3.2.3 1 pH Meter Tadranuiluna ene (mwdl 3-14)

324 (Fuddteld (i 3-15)

32,5 dunuiashanunszdauasia a;um'luﬁaazhmf-mdalﬁmﬁﬁmfi'\mmm:ﬁw
(MW 3-16)

3.2.6 WiBUUIUNUTANUAINIAITIUTAINOLIR (MW 3-17)



NN 3-12 ‘L"E’waamﬂﬂﬁmdmﬁu

N 3-13 sharethaiwmsalduldls damnad Ravinnsiadn

25
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NN 3-14 pH Meter dad1anuLiunsa 19

AN 3-15 (hudniale



< e w
NINN 3-16 1AA18TUNTEA

NIWA 3-17 HDUFTBILDLIANUAINNATIIUYBILOLTA

27
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3.3 ﬁﬁmsmﬂm%ﬂé’ﬂu‘mqa%az [3]
lagiRenaatnndianudunsads ud?ldnssuds Standard Plate Count
Tunsasiasoy Tapilduaauasi
3.3.1 thdethaimaatiuilwidonsas 1 100 Lm:ﬁﬂmﬁqumgﬁ 40-45 8¢
332 wdatelidieiss Colony Counter Lﬁaﬁuﬁwmuqa%q:ﬁag‘luﬁaaz’m

dvaaldu

3.4 ﬁﬁmsn@aaafmﬂﬁwwum:é’uﬁmﬂiﬁazﬁuadamqm‘s‘l%’mu
I@lLJm'il,l,ﬂwzﬁuéhLLU‘IT@Iuﬁ?”aey.ta:qﬂﬂmfmﬁ'lumwmaa:l Usznauaae
1. shmasifuriiathiuuingi lasfiamaaianianunin Soil
1.1 AUARIUNE (L{W =1); 0.9196
1.2 a1audunia-a19 (pH); 8.7
1.3 9a7uln: laonssudF Cleveland Open Cup >154 B3¢
14 snaunile: 66.4 - 85.4 cSt 7 40 pean
2. shilszih Iﬂﬂﬁﬂ%ﬁuﬁaﬁdﬁ
2.1 aanudunia-ans (pH); 7.4
2.2 §1A2UNT=64 (Hardness); 68 ppm
2.3 €1 TDS; 162 mg/l
3. ‘Li’] Jneiseanluds (Reverse Osmosis) I@Uﬁqmﬁwﬁaﬁdd
3.1 fanuldunsa-e1e (pH); 6.8
3.2 @1AUNTE68 (Hardness): 3 ppm
3.3 €1 TDS; 10 mg/l
4. dsunsedusadan (Wl 3-2) Tmuﬁqmauﬁ“ﬁoi{
4.1 ANUNIITIUNWIE (15'1 = 1); 0.8925
4.2 20ulW: launsswis PmCC >365 ayen

=i

4.3 anunia: 1 40 a1 68.3 cSt
fl 100 aoen  8.94 cSt
5. UM IusTlElUNSHENLANARDY (MWT 3-3)
6. 1easTaMuITuTuYRIEMHEY (Refractometer) (NWT 3-4)

7. 1#389007067 pH (pH meter) (MWl 3-5)
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laoivuaaulsiviiuszaudrinula ﬂ'lﬁlﬂmﬂga uasAsuazlEnIINATMS
= 4-1 = =
ONULLNINARSITHA 2 eauFadlua1Ten 3-1

i as - 41
@I']Tldﬁ 3-1 NFIUITNNIEaNULLNINARDITUR 2

Run A 8 C D Aliases | Sample
1 1 0 0 0 A 1
2 1 0 0 1 AD 2
3 1 0 1 0 AC 3
4 1 0 1 1 ACD X
5 1 1 0 0 AB 4
6 1 1 0 1 ABD X
7 1 1 1 0 ABC X
8 1 1 1 1 ABCD 5
9 0 0 0 0 - X
10 0 0 0 1 6
11 0 0 1 0 C 7
12 0 0 1 1 CD X
13 0 1 0 0 B 8
14 0 1 0 1 BD X
18 0 1 1 0 BC X
16 0 1 1 1 BCD X

lapdvasnauazaudsasnugasluaisef 3-2

A w o a a
A1919N 3-2 Yo nauazanys

Padna Ay fedune Hi Lo
A=BCD A silavasi ilszth Y1 RO
B=ACD B anudutuvenimsaifn | 10 da 1 30 ¢io 1
C=ABD ¢ UNINNBBER 20% 10%
D=ABC D LARLAEN 6,000 ppm 3,000 ppm
AB=CD

AC=BD

AD=BC
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Taowituaaummanasasil
1. dmmshmdadulashdetifinsusiudaiaanudutude  eissia
ANUTUTUTBIFIUNGY  (Refractometer) I@uﬁmna'uaam‘%‘aa‘i“@mwtﬂ'uﬁuﬁaoagﬁ
33% ludathaimsaiuiidesmsenududu 30 : 1 uar 10% ludathaiwaaiin
figaemsanudutu 10 : 1
2. dhiimsaiufinsusfudnhuladoln elwldmvldlasimualibinas
iwaalinde 900 cc Tanwisdrathoaniin 8 dathe
2.1 dmaafunsudsiidshenududu 30 1+ unsueand 10% +
LAWIWAN 3,000 ppm
22 shmsafiunsudioidssthanududu 30 - 1 + unsuvieand 10% +
LAWMAN 6,000 ppm
2.3 smdadungudniilssthenududn 30 ¢ 1 + unsuvioand 20% +
LEMLAAN 3,000 ppm
2.4 shmsofunsudoidssthanududu 10 1 + unsuraasd 10% +
LARIREN 3,000 ppm
25 dimdaifungudoindszthanududy 10 0 1 + unsuveasd 20% +
LAWEN 6,000 ppm
26 wmsaiiunsumsiisnefreosludsanudutu 30 - 1+ unsuvoasd
10% + LA=IWAN 6,000 ppm
27 dhmdafunsusioiineisosslufaanududn 30 - 1 + unsuaend
20% + LA¥LAEN 3,000 ppm
2.8 msaiunsudniiinaszessludsnnududn 10 ;1 + unsuoand
10% + LAWIWEN 3,000 ppm
3. simsaifiuiinsusudshalgdadulamimaain 900 cc axiiwin
894 niu
HIMEN 3,000 ppm A iminda (894+3,000)/1,000,000 = 2.68 niu
HILWAN 6,000 ppm asihiminde (89476,000)/1,000,000 = 5,36 N7y
unsuaand Adlfihdunsafiunadan 5nm 10% = 90 CC
unsuvanand dslhidunsedusadon Unm 20% = 180 CC
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3.5 ninInadaunisdasnuwnisnansanlasnssuis ASTM D 4627 [4]
Imuﬁi’aqua:qﬂnﬁvfﬂlﬂumwmam Usznauda
1. NIZEENTDY (WA 3-18)
2. MUNAEAY (NT 3-19)
3. LEHRAN (WA 3-20)
4. WROAMDA (MWA 3-21)

FILTER PAPER

NNA 3-18 NIZATHNTDY

o
DINN 3-19 UVARAL
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r 1
ANNN 3-20 LAWKAN

4 o
NNV 3-21 LEIUAN
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v
o

PYUNIININITNAFOL

1, damannsuunszanensadlasldduliZousudanuiaslan:

2. vmimsaiiulsslyluounesau

3. eelandldssasuunsrasnsaclesliiamninnsznglunm g nszansnsas
T@ulﬁlﬁumﬁnmar{]’luﬁmdmﬁu

4. Yanunasav3iiunm 24 Falue

5. minaatiuoanainnismesay lagaiiunasetas

6. (ahilszhdenszensnseaiuna 5 3w

7. REIINANINTEAENTES Nﬂ'i:mm@%’aUa:maaLﬁ'mmﬁ{luﬁa@]aQﬁum:ﬂmmaq
T@]ug]m:mwnsaoﬁmﬁﬁuﬁaﬁumumz’in Fanszuumsilinlagldauslaslals
WInueng

3.6 nrmagavlagnisldatwade
I@:Jﬁ"i’ﬁ@}ua:qﬂmnfﬁ’l’&'lumsmaaa Usznauaag
1, @3aende (Mndl 3-22)
2. shudania e SECO fw PTINR 2525 (il 3-23)
laslands 8o SECO 14 TNMG 160408-MF1 In3a TP400 (Mwfi 3-24)

w

4. INSWKAN St 37 PAIEUAUFUINANIWIG 25.4 WY, (nift 3-25) Taodl
suamanasssialuil
4.1 AMURULUL ; 7,860 Kg/m3
4.2 Ultimate Strength ; 400 MPa
5. \iasinanuGouia (mndl 3-26)
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AW 3-22 1ATRINES

nwdi 3-23 shwilands BWa SECO $1 PTINR 2525



AJ =3 @ »
NNy 3-25 LWRILWAN St 37 mmmﬁumuguﬁnmwmm 25.4 yu.

35
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AINN 3-26 1A329AANNSHURR

YUADUNIIANMINARAL
1. mwuadanlanisaalasifeniauiRalilaanusiaan 150 waswnd lasvi
o L 73 ar ] ;
msswimlasldruniiasdalydl

_ (m*D*N)

Ve (3-1)

1000

o ve fanuidae (uasdawdl)
D ﬁarﬁumuﬂm‘i’nmwaamm (UaBiuay)
N fanuiiisey (sausdawn)
mwﬁfaﬁaﬁ;j’nﬁmﬂ@ﬂﬂuu:mlﬂﬁﬁa 150 wasdowidl  iilarsnhanunus
Tugunsfi (3-1)
anusveududuiiisidenldie 1,880 saudaund
é’m’nﬂauﬁg{wﬁmﬁmﬁuu:mﬁa 0.2 IafluAIdaTay
naedn Ap 1 Nadiuas
2. vamandsiunulasltimsadiudietn  Wsudnihmaodulng Tandvue
AT A 2 Rasdauil

3. MMIIaANUSYURN



P o S p:’ . e
AINN 3-27 NMIILATHUIUTUINUNDUNRY

A A e -
ANNY 3-28 NITIAANMULIBURN?
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UNT 4

s -9 ‘
HAaNM1INABUISIATICVHR

Namﬁﬁulumiﬁnmmqﬂ'umaaw,fwa‘aLﬁwﬁm‘i’uﬂuumauéﬂﬂ'ﬁanﬁq fflang
lystavaaialaonisimuadudslunisiinimesas saftuaasluun? 3 Haniduds
ﬁﬁwlﬁmqifama\nfma'mﬁwaﬁa%a‘]’um’uamfwﬁﬁmyluﬁammm%uﬁqﬂ lagyinms
@5797961 pH, nﬁmwi’@dﬁ‘umuqﬂ%ﬁ:ﬁmé’uaglm‘{mﬁmﬁu, A519FUN1TU 89U

MINANTOUAIVINATIIN ASTM D4627 taen1sliana’s

° [ P P )
4.1 HAINITIERTIYDINITNG aa\irﬁlﬂ N1VHE AN Liﬂ'iﬂat&lﬂa(ﬂaa'\ﬂq n‘\ﬂf&’\%

. Ao <+ by « a o W =
4.1.1 @1 pH Pialdvanihmaaiiulasviui daugasluarsiof 4-1

M15197 4-1 @1 pH Atalaveaimsaiiulasiud

ar8819 ausfidmua pH
1 imaatfuanuiudu 30:1 8.2
2 dmdaifuanududu 30:1+unsureass 90 CC 8.1
3 Bl uan U 30-1+UNTuWEDHE 00 CCHAWMAN 3,000 ppm 8.2

dmaatiuaududy 30:1+unsuWaasd 90 CC+AMMAN 3,000
ppM + AN 55 89AN
siwdaiuanududu 30:1+unsuroasd 90 CCLLaMRAN 3,000
ppm + amwnnil 550961+ WadaINa
6 da aLiwa YA 30: 1 HLABMEN 3,000 ppm 8.1
7 sndatiuanudutu 30:1+unsuwsass 90 CC+amnndl 55 agen 8.2
8 vsauinaM Ty 30:1+asnan 3,000 ppm+aunil 66 aym 8.1
damdaifuanudutu 30:1+unsuviaass 90 CC+amnnil 55 aaen +

9 8.2
Wasaine

0 dndald ua MUY 30:1+1EKAN 3,000 ppm+atuninil 55 adan +

1 oo 8.1

wWavona
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' d o v by L% oa A v o & P
442 61 pH Pialduaanihwsaldulafaly 15 Fudanaasluarsei 4-2

A159N 4-2 ¢ pH ATaldvavimantdudansly 15 Tu

@108

1
2
3

10

s mua
iwaafuamnmaudy 30:1
siman funmandud 30:1+unsuaasd 90 cc
dmaalduaa Ty 30:1+unsuyioaus 90 CCHAMRER 3,000 ppra
dndafuanuidudi 30:1+unsuassd 90 CC+HAMNAN 3,000
ppm + aunNl 55 e
dmaalinanudud 30:1+unsuoasd 90 CCHawMAN 3,000
ppm + gl 5509A1+Wasa NI
dndaliuaudua 30:1Hawnin 3,000 ppm
imaaLfiuanuudy 30:1+unsuvioasd 90 CC+amnnil 55 236N
HmaaLiunaTad 30:1+L@WNAR 3,000 ppm+gunnil 55 a4a1
imaaiiuanududu 301+ unsavioasd 90 CC+amwnil 55 aym +
Wasana
dvaauiuanadudty 301 +awmndn 3,000 ppm+aunnil 55 aden +
Wasamé

{ b = a X ve o o al
413 ¢ pH e ldvaainndaidudanaly 30 Tudsuaasluased 4-3

ﬂ' | A Lo A2 A.; . ~ ﬂ' A‘l L3 Qo
@397 4-3 1 pH Ataldvasiwaaiduiiansly 30 T

SERITeh

1
2

mlsimnua
dmdatfuanududu 30:1
Wndalinanuudu 30:1+unsuaassd 90 CC
Hnd L UANUITITS 30:1+UNTINDAER 90 CCHAWMAN 3,000 ppm
dmdatiue Uit 30:1+unIuwaans 90 CC+iammnan 3,000
ppm + amuni 55 o3e
dwdaduanuiduds 30:1+unsuaasd 90 CCHAmMAN 3,000
ppm + qmﬁn“ﬁ 55a9@+Wasainia
dmaaLiuan e 301 4Lasman 3,000 ppm
vnsafunnududn 30:1+unsuraass 90 CC+amunndl 55 asen

pH
7.9
8.0
7.8

8.1

8.0

7.6
8.0
8.0

8.0

8.0

pH
7.5
7.9
7.6

7.8

7.9

7.7
7.8



A r
A1591 4-3  (®d)

CPEER
8

10

FulTAm e
dinnaolEuauTudu 30:1+lewwan 3,000 ppmM+aUnNA 55 8361
A aufiun TN 30:1+unsuvioans 90 CC+amnnil 55 a3en +
Wasan e
dmsaiiue iyt 30:1+amnan 3,000 ppm+MRNA 55 aven +
Wasanme

» D; Qs & :’ v [ ﬂ’ : v Bt av A
4.1.4 & pH Maldvasimdafwdafiely 45 Fuasusasluarssn 44

- o o o by T R as
G159N 4-4 pH Nialevasimsaiwilefialy 45 u

AnaLg
1
2
3

10

FulTAs I ue
smasLiuanu Tty 30:1
dnsafuanududy 30:1+unsuviaass 90 ¢
dmd oLiua ey 30:1+unsuiaass 90 CCHAMMAN 3,000 ppm
dmdaifuanadudu 30:1+unsuassd 90 CCHamnan 3,000
ppm + UL 55 961
smotfuemududn 30:1+unsuasnd 90 CCamMEN 3,000
ppm + AN 5589 +WavaINIA
imaafuanuiuin 30:1+1@wnaAN 3,000 ppm
dmdaiiuanaiduti 301+ unsaasnd 90 CC+mnnil 55 a4en
nAaLTUA M UTUTY 30:1+LAAAN 3,000 ppm+amudi) 55 8@
dwsaliuanauduTy 301 +unsuassd 90 CC+amnni 55 a9 +
wasane
imaaLiuANUTUTY 301 HAMREN 3,000 ppm+a NN 55 aven +
Wasania

pH
7.3

7.9

6.9

pH
7.1
7.7
7.4

7.6

7.2

6.2
7.6
6.7

7.5

5.9

41
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wHunduaasdn pH AneasuaIdIaI9f 1 dangasluninwd 4-1

pH

81

tIan

0 15 30 45

< a , P o [ a
NIwN 4-1 LLN%Q&JLL&@GQ’] pPH NAARNLAIRIB YY) 1

ULHUDTUEAIAY pH Aiaarsvasdated 2 dauaasluniwd 4-2

7.9

78

7.7

7.6

7.5

S2

LI’

A ~ d { av ‘ﬂl
AINN 4-2 BHUDTUEAIAT pH faarsrasqraghan 2
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WHUNTUEOIAT pH AraaIzaITrat i 3 dausaslunini 4-3

S3

pH
8.4
8.2

8
7.8 1
7.6 +
7.4
7.2

Aﬂl - ; : o s 4 o
AN 4-3 LLNHQULL&Q\‘M‘I pH NagaaIvaIaadIIn 3

wnundugasdr pH ABARIVDINIBLHIIN 4 AILFAI LUAWH 4-4

S4

pH
8.4

8.2

8 1
7.8 1
7.6 ;_
7.4 |
9 g

I

EI n ( d‘ 4 1 {
NN 4-4 LHUDIURGNAN pH fiaaaeuasaiated 4
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a ‘ Py % o o o
I.LNNQ&JLLE@GQ? pPH NaARIVAIAIDLIIN § muam‘lumww 4-5

S5

pH
8.2
7.6
7.4 8
7.2 1
74
6.8 -
6.6 -

3an

< a . o . i
NN 4-5 lLNuJ;}uLLﬁ@\iﬂ'l pH Ylﬂ@\éld’ilﬂx‘i@’]ﬂ{l’]d'ﬁ 5

. . A a 4 P “ <
LLN%QQJLLE@GQ'I pH NROIIPAIA18LN 6 muamlumwn 4-6

S6

O AN WSO N ©T

IAN

AT 4-8 UNLOTUEAIA pH NaaasnaIaIat 17 6
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LN TUEaIAT pH NAaaIBaIRI07 7 daurasluniwi 4-7

S7

pH
8.4

8.2

7.8
7.6
7.4
7.2

I8

P a , a o~ 4
NN 4-7 LLNuQQJﬁLﬂ’GIGﬂ’] pH NaaasYaInlIauan 7

- { A v ’ d. o A
LLN%QZJ\LS(G\GW\ pH NAAKIVDINIBYIIN 8 muﬁmlumw'n 4-8

S8
pH

O =2 N W A~ OO N 00 O

t3a1

A a ' A & 1 {
NINN 4-8 LLNILQ&ILLEMG?I'I pH NARSIVAIG21DL19N 8
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o . A o Lo [ =l
LLN%Q&JLLEWIOW'I pH NRAKITDINIBELNNIN 9 (ﬂdLLﬁ@Gl%ﬂ’]W“ﬂ 4-9

S9

IA
o ~ . - “ 4 d
AINN 4-9 LLNU;QEJLL&@J?H PH NAARIVDIAIDENIN 9
r=% » IJ L= [} L; o H
uruNDURAIAT pH NRAaIUAIAIaENIT 10 qanaad lunnd 4-10
S10
Wi al

- a . < “ . 4
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AILENIIUNATIY 4-7

P3197 47 MTBENULLNIITNAsBIRa 2
Run ' A B C D Aliases Sample
1 1 0 0 A 1
2 1 0 0 1 AD 2
3 1 0 1 0 AC 3
4 1 0 1 1 ACD
5 1 1 0 0 AB 4
6 1 1 0 1 ABD
7 1 1 1 0 ABC
8 1 1 1 1 ABCD 5
9 0 0 0 0 -
10 0 0 0 1 6
11 0 0 1 0 C 7
12 0 0 1 1 CD
13 0 1 0 0 B 8
14 0 1 0 1 BD
15 0 (N 0 BC
16 0 1 1 1 8CD
TasfiTadnauazfudsasfiumasluarsed 4-8
aNT07 4-8  Todnanaseuls
RIS IR fnatuny Hi Lo
A wiiauegiin issh 1 Ro
B anuTutuaaaindaid 10 ¢ 1 30 6ia 1
C UNTUNDDYA 20% 10%
D UIuouasinan 6,000 ppm 3,000 ppm
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®15197 4-9 @1 pH vanindatiuiialdlauyiuf

fathefl Hi pH
1 A 9.1
2 AD 8.9
3 AC 8.5
4 AB 9
5 ABCD 8.7
6 D 9.0
7 C 9.1
8 B 8.9

432 @1 pH vasinnaaliwdsfiold 7 5w donsasluensieft 4-10
eN5797 4-10 @1 pH vasi s Bwdefiely 7 Su

drotnef Hi pH
1 A 8.6
2 AD 8.9
3 AC 8.4
4 AB 8.7
5 ABCD 8.8
6 D 8.8
7 c 8.7
8 B 8.7
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Fathaft Hi pH
1 A 8.6
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3 AC 84
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6 D 8.5
7 C 8.4
8 B 8.8

43.4 ¢ pH vasdmsaiiudanaly 21 Su asusasluaief 4-12

@ANTI9N 4-12 61 pH B ndatdwilanaly 21 Ty

wratnef Hi pH
1 A 8.4
2 AD 8.3
3 AC | 8.5
4 AB 8.7
5 ABCD 8.6
6 D 8.5
7 c 8.4
8 B 8.6
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4.4 waninesainsinilougaiitvasaiogwiivaaliniviinisasedeuaiy
n55435 Standard Plate Count 2036120 81IURABLE 1

P
LEAILUATTI9N 4-13

d a o o \ b .
AT NN 4-13 Nﬁﬂ'}SQT’JQﬁaUHWSﬂuLﬂau%‘a’ﬁ’):’l]ﬂdﬂjaﬁ'ldu‘lﬁaallgu
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Standard plate
ELITRR pH count(CFU/MI)
B 1 8.4 430,000
2 8.3 480,000
3 8.5 3,700,000
4 8.7 180,000
5 8.6 110,000
6 8.5 1,200,000
| 7 8.4 2,400,000
8 8.6 1,400,000

UHUDTUAAIANNENRUTIZNTIAT pH ez SPC ugaslunIni 4-21

ArvuaavaMINAUVLERUNIAET pH AU Uiy

4,000.000 - = . |
dnathan3 |
3,500,000 - |
3,000,000
* a1
> 500.000 i = fadwrA2
ER + gRatan7 dradaedta
< dradienia
é 2,000,000 | i
; e dhadais!
I | - ghadiens : + hated7|
- ﬁ."]al:l“‘h!\fls | = é/In d‘\dl?‘B
1,000,000 ‘
500,000 = = a2 w5 a1 '
O e @aadheid
8.25 83 8.35 8.4 8.45 8.5 8.55 86 865 8.7 8.75

pH

i a o e . . = X 4
NINN 4-21 u,uu..nuuuammmauwuf‘izmwm pH LLa:LFsmeam:-naomm@ammm 2
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Term Effect Coef SE Coef T P
Constant 8.8750  0.07071 125.51 0.005
A Water type -0.2500  -0.1250 0.07071 -1.77 0.328
B Concentrate -0.0500  -0.0250 0.06614 -0.38 0.770
C UnsuWaana -0.0000  -0.0000  0.11980 -0.00  1.000
D Fe particle 0.2000 0.1000 0.13229 0.76 0.588
A Water type*B Concentrate 0.0500 0.0250 0.06614 0.38 0.770
A Water type*C unsuwaaud -0.3000  -0.1500  0.06614 -2.27  0.264
S = 0.141421 R-Sq = 93.33% R-Sg(adj) = 53.33%

Analysis of Variance for pH (coded units)

Source DF Seq SS Adj Adj MS F P
Main Effects 4 0.132500 0.135000  0.03375 1.69 0.516
2-Way Interactions 2 0.147500 0.147500 0.07375 3.69 0.346
Residual Error 1 0.020000 0.020000  0.02000

Pure Error 1 0.020000 0.020000  0.02000

Total 7 0.300000

Obs StdOrder pH Fit SE Fit Residual St Resid

1 1 9.10000 9.10000 0.14142 -0.00000 *X
2 2 8.10000 9.00000 0.1000C  0.10000  1.00
3 3 8.90000 8.80000 0.14142  0.00000 * X
4 4 8.00000 9.00000 0.14142  0.00000 ¥ X
5 5 8.00000 9.00000 0.14142  0.00000 * X
6 6 8.50000 8.50000 0.14142  0.00000 * X
7 7 8.90000 9.00000 0.10000 -0.10000 -1.00
8 8 8.70000 8.70000 0.14142  0.00000 v X
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Normal Probability Plot of the Standardized Effects
(response is pH, Alpha = .35)

=)
I Effect Type
: @ Not Significant
95+ J | Signfficant
904 : ! Factor Name
A A Water type
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Pareto Chart of the Standardized Effects
(response is pH, Alpha = .35)
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Main Effects Plot (data means) for pH

A Water type B Concentrate
9.00 -
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A s » 1 :’ { = ﬂl A‘l L3 Q'
A151971 4-15 Anova HaNIENLUBIGUUTABAT pH tndatduldafiely 7 u

Term Effect Coef SE Coef T P
Constant 8.62500  0.10607 81.32  0.008

A Water type -0.15000 -0.07500  0.10607 -0.71  0.608
B Concentrate -0.07500 -0.03750  0.09922 -0.38  0.770
C unsuwaaug 0.02500 0.01250  0.17984 007  0.956
D Fe particle 0.25000 0.12500  0.19843 0.63  0.642
A Water type*B Concentrate 0.02500 0.01250  0.09922 013  0.920
A Water type*C uniuwansug -0.12500 -0.06250  0.09922 -0.63  0.642

S = 0.212132 R-Sq = 70.97% R-Sq(adj) = 0.00%

Analysis of Variance for pH2 (coded units)

Source DF SeqSS  AdjSS Adj MS F P
Main Effects 4 0.08350 0.08500 0.02125 0.47 0.781
2-Way Interactions 2 0.02650 0.02650 0.01325 0.29 0.793
Residual Error 1 0.04500 0.04500 0.04500
Pure Error 1 0.04500  0.04500 0.04500
Total 7 0.15500
Obs StdOrder pH2 Fit SE Fit Residual St Resid

1 1 8.70000 8.70000 0.21213  0.00000 * X

8.60000 8.75000 0.15000 -0.15000 -1.00
8.70000 8.70000 0.21213  -0.60000 * X
8.70000 8.70000 0.21213  -0.00000 "X
8.80000 8.80000 0.21213  0.00000 "X
8.40000 8.40000 0.21213  0.00000 * X
8.90000 8.75000 0.15000 0.15000 1.00
8.60000 8.60000 0.21213  0.00000 *X

(o> B D > I ) B N CL I AV
0 ~N o O AW N
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Normal Probability Plot of the Standardized Effects
(response is pH2, Alpha = .35)
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Pareto Chart of the Standardized Effects
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Main Effects Plot (data means) for pH2
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Term Effect Coef SE Coef T P

Constant 8.55000 0.03536 241.83 0.003

A Water type -0.10000 -0.05000 0.03536 -1.41 0.392

B Concentrate 0.17500  0.08750 0.03307 2.65 0.230

C unIunWaays 0.02500 0.01250  0.05995 0.21  0.869

D Fe particle 0.15000 0.07500 0.06614 1.13 0.460

A Water type*B Concentrate -0.12500 -0.06250 0.03307 -1.89 0.310

A Water type*C UNsunoayd -0.02500 -0.01250 0.03307 -0.38 0.770

S = 0.0707107 R-Sq = 95.83%R-Sq(adf) = 70.83%

Analysis of Variance for pH3 (coded units)

Source DF Seq SS  Adj SS Adj MS F P ]

Main Effects 4 0.096000 0.105000 0.026250 5.25 0.315

2-Way Interactions 2 0.019000 0.019000 0.008500 1.90 0.456

Residual Error 1 0.005000 0.005000  ©.005000

Pure Error 1 0.005000 0.005000 0.005000

Total 7 0.120000

Obs StdOrder pH3 Fit SE Fit Residual St Resid
1 1 8.40000 8.40000 0.0707t  0.00000 * X
2 2 8.60000 8.55000 0.05000 0.05000  1.00
3 3 8.80000 8.80000 0.07071 -0.00000 * X
4 4 8.60000 8.60000 0.07071  0.00000 * X
5 5 8.50000 8.50000 0.07071 -0.00000 * X
6 6 8.40000 8.40000 0.07071  0.00000 * X
7 7 8.50000 8.55000 0.05000 -0.05000 -1.00
8 8 8.60000 8.60000 0.07071  0.00000 * X
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0 i

Normal Probability Plot of the Standardized Effects
(response is pH3, Alpha = .35)
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Pareto Chart of the Standardized Effects
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Main Effects Plot (data means) for pH3
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BNTNA 417 Anova HANSENUAR6 ) saad pH thwndatduidiafaly 21 Ty

Term Effect Coef SE Coef T P J

Constant 8.5500  0.03536 241.83 0.003

A Water type 0.1000 0.0500 0.03536 1.41 0.392

B Concentrate 0.2250 0.1125 0.03307 3.40 0.182

C unsuWaaus -0.2250  -0.1125  0.05895 -1.88  0.312

D Fe particle -0.2600  -0.1250 0.06614 -1.89 0.310

A Water type™B Concentrate 0.1250 0.0625 0.03307 1.88 0.310

A Water type*C UNTUWaaLd 0.1250 0.0625 0.03307 1.89 0.310

S = 0.0707107 R-Sq = 95.83%R-Sq(adj) = 70.83%

Analysis of Variance for pH4 (coded uaits)

Source DF SeqSS  AdjSS Adj MS F P

Main Effects 4 0.090000 0.0750000 0.018750 3.76 0.367

2-Way Interactions 2 0.025000 0.0250000 0.012500 2.50 0.408

Residual Error 1 0.005000 0.0050000 0.005000

Pure Error 1 0.005000 0.0050000 0.005000

Total 7 0.120000

Lgbs StdOrder pH4 Fit SE Fit Residual St Resid

1 1 8.40000 8.40000 0.07071 -0.00000  * X
2 2 8.40000 8.35000 0.05000 0.05000  1.00
3 3 8.60000 8.60000 0.07071  0.00000 * X
4 4 8.70000 8.70000 0.07071  0.00000 * X
5 5 8.50000 8.50000 0.07071  0.00000 * X
6 6 8.50000 8.50000 0.07071  0.00000 * X
7 7 8.30000 8.35000 0.05000 -0.05000 -1.00
8 8 8.60000 8.60000 0.07071  0.00000 * X
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Normal Probability Plot of the Standardized Effects

(response is pH4, Alpha = .35)
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Main Effects Plot (data means) for pH4
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A av 0 P :: 1 = lﬁl Av & St
A151971 4-18 Anova Nan7:‘nm§a¢muﬂmaﬂ‘%mmgam:’lummamumam‘h 21 Ju

Estimated Effects and Coefficients for APC (coded units)

Term Effect Coef SE Coef T P
Constant 1922500 17678 108.75 0.006

A Water type 45000 22500 17678 127  0.424
B Concentrate -32500  -16250 16536 -0.98  0.506
C unsuwWaosad 1102500 -551250 29974 -18.38  0.035
D Fe particle -3325000 -1662500 33072 -50.27  0.013
A Water type*B Concentrate 232500  -116250 16536 -7.03  0.080
A Water type*C unisuwaays 1022500 511250 16536 30.92  0.021

S = 35355.3 R-Sq = 99.99% R-Sq(adj) = 99.92%

Analysis of Variance for APC (coded units)

Source DF Seq SS Adj SS Adj MS F P

Main Effects 4 921157E+12 9.42121E+12 2.35530E+12 1884.24 0.017

2-Way Interactions 2 1.82467E+12 1.82466E+12 9.12332E+11 729.87 0.026

Residual Error 1 1250000000 1250000000 1250000000

Pure Error 1 1250000000 1250000000 1250000000

Total 7  1.10375E+13

Obs StdOrder APC Fit SE Fit Residual St Resid
1 1 2400000 2400000 35355 ¢ * X
2 2 430000 455000 25000 -25000  -1.00
3 3 1400000 1400000 35355 0 * X
4 4 190000 180000 35355 0 * X
5 5 1200000 1200000 35355 -0 * X
8 6 3700000 3700000 35355 0 * X
7 7 480000 455000 25000 25000 1.00
8 8 110000 110000 35355 -0 * X
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Normal Probability Plot of the Standardized Effects
(response is APC, Aipha = .35)
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Pareto Chart of the Standardized Effects
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Main Effects Plot (data means) for APC
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UHUARLHAIAISETUNIUNTISABNIAURIBNSTUAE ASTM
D4627

arothhe

ATNT 4-62 LmuQﬁuammﬁmmumsﬁ'@niau@"wnsm%ﬁ‘ ASTM D4627

Paydnatrsinastin (Nafaty 21 Tu

& r=9
4.6 WANITIZIINASY

mﬂﬂwmuﬂ’:ﬁ“lﬁmnmsmaaonﬁd

ATTN 4-19 LFAIAIDNUREIUAINYII TG

. Adiale ety
a0t d1Lady
1 2 3

1 2.38 2.43 2.45 2.42
2 1.99 1.71 1.94 1.88
3 1.99 1.93 2.06 2.00
4 2.32 2.39 2.42 237
5 1.67 1.87 2.1 1.88
6 2.79 2.91 2.83 2.84
7 2.47 2.45 2.51 2.48
8 2.15 2.06 2.28 2.16
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H1519% 4-20 Anova HARITzNUIaINULTaaaINuSsuRIVasTwN®

Estimated Effects and Coefficients for Ra (coded units)

Term Effect Coef SE Coef T P
Constant 2.4083 0.2110 1142 0.056

A Water type 0.4033 0.2017 0.2110 0.96 0.514
B Concentrate 0.1558 0.0779 0.1973 0.39 0.761
C unsuaoud -0.2758  -0.1379 03577 -0.39  0.766
D Fe particle -0.8783  -0.4392 0.3947 -1.11 0.466
A Water type*B Concentrate 0.0425 0.0213 0.1973  0.11 0.832
A Water type*C unsuwaayd 0.0625 0.0312 0.1873 0.16 0.800

S = 0.421907 R-Sq = 77.62% R-Sq(adj) = 0.00%

Analysis of Variance for Ra (coded units)

Source DF Seq SS  Adj SS Adj MS F P

Main Effects 4 0.612601 0.592466 0.148117 0.83 0.665

2-Way Interactions 2 0.004810 0.004810 0.002405 0.01 0.987

Residual Error 1 0.178006 0.178006 0.178006
Pure Error 1 0.178006 0.178006 0.178006

Total 7 0.795417

Obs StdOrder Ra Fit SE Fit Residual St Resid J
1 1 2.42000 2.42000 0.42191  0.00000 ¥ X
2 2 1.88000 2.17833 0.29833 -0.29833 -1.00
3 3 1.99333 1.89333 0.42181  0.00000 * X
4 4 2.37667 2.37667 0.42191  0.00000 * X
5 5 1.88000 1.88000 0.421¢1  0.00000 * X
6 6 2.84333 2.84333 0.42181  0.00000 * X
7 7 2.47667 2.17833 0.29833  0.29833  1.00
8 8 2.16333 2.16333 0.42191  0.00000 * X
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Normal Probability Piot of the Standardized Effects

(response is Ra, Alpha = .35)
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Main Effects Plot (data means) for Ra
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IQA LA B ORIGINAL

S Wichoe Analysis / Test Report

B 1QA Laboratery Co., Ltd.
815 Jint-Uthai Bid,, Ramkhamhaeng Rd..
Huamark
Bangkapl, Bangkak. 10240

Phone: (662) 715-8700
Fax: {6G2) 374-4040

Billwe:  Supa Engineering Co. Lid Preject Lot ID: 65145
Reportio:  Supa Engineering Co. Lid 1D:
:(::D" i Peumat Date Recelved: jan 25, 2007 02:37PM
Kannayao, Bangkok. Thaiand ey Date Raported: Jan 30, 2007 03:57PM
10230 o Report Number: 105001

Aun: Supakorn Charcenprasit
Sampled By: Clienl
Company: Phone: (B62) 510-7543
Fax; [652) 510-7554 Email: supa_sngineering@yahoo.com

Acct. Code

Page: 1of2

1QA Number 651454

Sample Date Jan 25, 2007 02:43PM

Sample Description Coolen Water Sample #4

Condition of Sample contained in three sterilized glass botlles, refrigerated

Detection Guideline Guidellne

Analyle Units Result Limit Limit Comments
Microbiclogical Testing
Coliforms MPN/100 mL <2.2 - <2.2 Pass
E.coli MPN/00 mL Not Detected - ot Detected Pass
Standard Plate Count CFu/imL 1400000 1 500 Fail
Water Testing
Total Hardness as CaCO3 mgiL 57 1 No Standard afa

Guideline:  Notification of the Ministry of Industry No. 332(B.E. 2521)

bt S

Approved by: Nanthawades Somboon, B.Sc. I
Scisntist (2)
The above results are valid only for the anafized/tested sample(s) as indicated in thix report, par

Guideline are provided only as a service io clients and are not part of laboratory analysis. Liabilit is limited to analyted iest resulis only
No prtrt of this report or certificate may be reproduces tm any form without written consent from the Lubpratory
104 Labaratory strongly recommiends that this report {5 nol reproduced except in full,

IQA Laboratory Co., Ltd.

S-8700 Fax; 86 (0) 23794080 'w galnb.con




97

& TR T S “ . .4 4
Nam‘smaaummmﬂam;a"ﬁ'::maqmamqmmmﬁumamm 8 lun1Imarauaan 1

TEUZIRIARIHEY 45 U

IQALAB
Analysis / Test Report

B i g3 A IQA Laboratory Co., Ltd.
§1% Jitt-Uthal Bid,, Remkhamhseng Rd.,
Huamark

Bangkapi, Bangkok. 10240

Phone: (662) 715-3700
Fax: (662) 374-4040

Billto: Supa Engineering Co. Lid. Projact Lot 1D: 65145 |

Reportto:  Supa Engineering Co. Ltd. D ol
e i Fince: Date Received. Jan 25, 2007 02.37PM
ubon Location. "
g Date Reported: Jan 31, 2007 03:14PM
Kannayas, Bangkok, Thailand Number: 168
10230 PO e Bl

Atin: Supakom Charcenprasit
Sampled By: Cllent
Company: Phone: [BE2) 510-7543
Fax:  {B62) S10-7354 Emall: supa_engineering@yahco.com

Accl Code:

Paga: iof2

1QA Number 65145-8

Sample Date Jan 25, 2007 02:43PM

Sample Description Coofen Water Sampile #8

Condition of Sample contained in three sterilized glass boltles, relrigeraled

Detection Guldsline Guldeling

Analyte Units Result Limit Limlt Comments
Microbiclogical Testing
Coliforms MPN/00 mL <22 - <2.2 Pass
E.coli MPNI100 mL Nol Detected - Not Delecled Pass
Standard Plate Count CFLmL 7900000 kl 500 Fail .
Water Testing
Tolal Hardnass as CaCO3 mg/L 85 1 No Standard ala

Guidellne: Notification of the Ministry of Industry No. 332(B.E. 2521)

Approved by: Nattaya Suwannawat, B.Sc
Scientist (1)
The above results are valid only for the analyzeditested samplefs) as indicuted in this report. rer

Guideline are provided only os a service 10 clients and are not part of laboratory analysis. Linbility i limited 1o analyted test results oafy
No part of this report or certifi may be reprodiuced in aay form without wrilien conseat from the Laboratory.
104 Laboratory sirongly recommends that this report ix not réproduced except in full, '

10A Laboratary Ca., Ltd.
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Analysis / Test Report

A procitnd Labotmary QA Lnbormory Co., Ltd,
615 Jitt-Uthai Bld., Ramkhamhaeng Rd.,
Huamark

Bangkapi, Bangkck. 10240

Phone: (662) T15-3700
Fax: (662) 374-4040

Billto:  Supa Engineering Co. Lid Project Lot ID: 65145
Reportte:  Supa Engineering Co.Lid ID:
:(55 & Name: Dale Recsived: jan 25, 2007 02:37PM
ubon Location: Y
Date Reported: Jan 31, 2007 03:26PM
Kannayao, Bangkok, Thalland . '
s po. Report Number: 105007
Attn: Supakorn Charoenprasil Acct. Code:

Sampled By: Client
Company: Phone: (B62) 510-7543
Fax:  {(862) 510-7554 Email: supa_engneenng@yahoo.com

Page: 1of 2

1QA Number 65145-10

Sample Date Jan 25, 2007 02:43PM

Sample Description Coolen Water Sample #10

Candition of Sample contained in three sterilized glass bottles, refrigerated

Detection Guldeline Guldeline

Analyle Units Rasult Limit Limit Comments
Microbiological Testing
Coliforms. MPN/100 mb <2.2 - <2.2 Pass
E.coli MPN/A00 mL Not Detected - Not Detected Pass
Standard Plate Coumt CFUmL 4400000 i 500 Fail
Water Testing
Tata! Hardness as CaCO3 malk 130 1 No Standard nia

Guldeline:  Notification of the Ministry of Industry No., 332(B.E. 2521)

TN
A b

Approved by Nattaya Suwannawal, B.Sc. '
Scientist (1) .
The above results are valid only for the analyzeditested sample(s) as indicated in this report, PaF:

Guirdeiine are provided only as a service o clteats and are not part of laboratory analysiz. Liebdity Is limited to analyted test results caly
No part of this report or ceriificate may be reproduced in any form withowt written congent from the Labpratory.
I0A Lab v strongly ds that this report is not reproduced except in full. }

IQA Laboratory Co,, Ltd.

itiab.com
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I A LA B ORIGINAL
_g - Anatysis / Test Report

1QA Laboratory Co., Lid.
615 Jin-Uthal Bld., Ramkhamhaang Rd..
Huamark, Banghapl. Bangkok. 10240

————— dwrmdie | aboratory

Phone: (662) 715-8700

Fax: {662) 374-4040
Bill te: Supa Engineering Co. Lid. Project Lot 1D: 70146
Report la: Supa Engineering Co.Lid. ID:
186 Namae:
Kuton Rd. La ﬂon Date Received: Ape 04, 2007 0<4:32PM
Kannayao, Bangkok, Thaland R Date Reported: Agr 10, 2007 11:52AM
10230
2 R t T 11267
Aty Supakorn Charoenprasit PO: Eport Number: 112673
Sampled By: Acct. Code:
Company: Phone: (862) 510-T543
Fax: (862) 510-7554¢ Email: supa_engineering@@yshoo.com
Page: 10f9
IQA Number 701481
Sample Date April 4, 2007 10:07 AM
Sample Description Cooling Water No. 1
Condition of Sample contained in one slerilized glass boltle, refrigerated
Date of Analysis April 5. 2007
Analyte Units Result(s) Method
Microbicleglical Testing
Standard Plate Count CFU/mL 430000 APHA (2005)

Pl /Af s

Approved by: Tuanjai Thangkiang, B.Sc.
Scientist (1)

The abave results are valid only for the analvzed/tesied sumplefs) as indicated in this report icecd

Na patt of this report or ceriificale may be reproduced in any formt without written consent from the Laboratory
104 Labuoratory strongly recommends that this report is nol reproduced excepr in full.

IQA Labaratary Co., Ltd. g { 15-8700 Fax: 66 (0) 2374~
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I QA LA B Analysis / Test Report T

S — QA Laberatery Co., Lid.
615 Jitt-Uthal Bid., Remkhamhaeng Rd.,
rk, Bangkapl, Bangkok. 10240

Phone:  (662) 715-8700
Fax: (G62) 3744040

Bill to: Supa Enginesring Co.Lid Project Lot ID: 70146
Report 1a: Supa Engineering Co. Lid D
185 Name:
Kubon R I Date Received: Apr04, 2007 04:32PM
Location:
';;ﬂrs\ng. Bangkok, Thaisnd Date Raported: Apr 10, 2007 11:52aM
Altn: Supakorn Charoenprasit PO i F RS
Sampled By: Accl. Code:
Company: Phone: (662) 510-7543
Fax: (662) 510-7554 Email: supa_enginesrdng@yahoo.com
Page: 20t
IQA Number 70146-2
Sample Date April 4, 2007 10:07 AM
Sample Description Cooling Water No. 2
Condition of Sample contained in ona slerilized glass bottle, refrigerated
Date of Analysis April 5, 2007
Analyte Units Result(s) Method
Microbiological Testing
Standard Plate Count CFU/mL 480000 APHA (2005)

P

Approved by: Tuanjal Thangklang, B.Sc.
Scientist (1)

The above results are valid only for the analyzeditesied sample(s) ax indicated in this report.
No part of this report or certifica: may be reproduced inany form without written consent from the Laboratory
FQA Laboratory strongly recommends that this report is not reproduced except in fill,

1QA Laboratory Co., Ltd, t { = W) -Tel. 66 (0 700 Fax: 648 3 D www.igalab.com
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Q Analysis / Test Report

e Laboamtney 1QA Laboratory Ca., Ltd.
@15 Jitt-Uthai Bid,, Ramkhamhaeng Rd.,
Huamark, Bangkapi, Bangkok. 10240

Phone:  [662) T15-8700
Fax: (662) IT4-4040

aill to: Supa Engineering Co.Lid Project Lot ID: 70146
Report to: Supa Engineering Co.,Lid 1D:
185 Name: . . - -
Kubon R e Date Received: Ape 04, 2007 D4:32PM
Kannayao, Bangkok, Thaland - Date Reported: Apr 10, 2007 11:524M
10230
. R 1 Number: 112673
Attn: Supakorm Charoenprasit PO: par T
Sampled By: Accl. Code:
Camparny: Pheone: (682) 510-7543
Fax: (662) 510-7554 Emall: supa_engineenng@yahoo.cam
Page: 3ofd
1QA Number 70146-3
Sample Dale April 4, 2007 10:07 AM
Sample Description Cooling Waler No. 3
Condition of Sample contained in one sterilized glass bollle, refrigerated
Date of Analysis April 5, 2007
Analyte Units Resull(s) Method
Microbiological Testing
Standard Plale Count CFU/mL 3700000 APHA (2005)

/f'/'v -

Approved by: Tuanjal Thangkiang, B.Sc.
Scilantist (1)
The sbave resulis are vafid only for the analyzed | sampley) as indicated in this report e

No part of this report or certificate may be reproduced in any form withowt written consent from the Laboratory
I0A Laboratory strongly recommends thal this report (s nol reproduced except in fill.

IQA Labaratary Co,, Ltd.
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IQA |_A B Analysis / Test Report WA

redived Laburatery |QA Laboratory Co., Ltd.
615 Jitt-Uthal Bld., Ramkhamhaeng Rd.,
R rh, Bangk gkok. 10240

Phone: (662) T715-8700

Fax: (662} 374-4040
Bill 1o: Supa Enginearing Co. Lid. Project Lot ID: 70146
Report to: Supa Enginearing Co..Lia |Dt°j
185 Namae:
Kubon Rd Locatont Cate Recelved: Apr04, 2007 04:32PM
'1‘35’3"3?30- Bangkok, Thaland Date Reported: Apr 10,2007 11:52AM
Attn: Supakorn Charoenprasit PO: i ~H1207
Sampled By: Acct. Code:
Company: Phone: (662) 510-7543
Fax:  (662) 510-7554 Emall: supa_engineering@yahoo.com
Page: 4019
1QA Number 701464
Sample Date April 4, 2007 10:07 AM
Sample Description Coailing Water No. 4
Conditlon of Sample contained in one slarilized glass botlle, refrigerated
Date of Analysis April 5, 2007
Analyte Units Result(s) Method
Microbiological Testing
Standard Plate Count CFUmL 190000 APHA (2008)

7l %.‘L/‘ .

Approved by: Tusnjai Thangkliang, B.Sc.
Scientist (1)

The above reyults are vaiid aaly for the analyzediested sample(s) as indicated in this report.
Nao part af this report or ceriificate imay be reproduced In any form withowt writlen consent from the Laboratory
1G4 Laboratoey strongly recommends that thix report is not reproduced except in full

QA Laboratory Co., Ltd, hiarmiaen B, ik Bangknk 10240 Tl 7 0 Fe v galeb.com
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IQA [_A B ORIGINAL
. A Analysis / Test Report

e o QA Laberatory Co., Lid.
615 Jitt-Uthal Bid., Ramkhamhaeng Rd.,
B L Bangh 10240

Phone:  (662) T15-8700
Fax:  (662) 374-4040

2l to: Supa Enginesring Co. Ltd. Project Lot ID: 70146
Report to: Supa Engineering Ca.,Ltd n-
165 2
Fasin Eid f:::mn Data Recaived: Apr 04, 2007 04-32PN
?:mm- Bangkok, Thailand ) Dale Reported: Apr 10. 2007 11:52AM
Attn: Supakorn Charoenprasit PO: Report rhunber: {1200
Sampled By: Acct. Code:
Company: Phone: {682) 510-7543
Fax: (862) 510-7554 Email: supa_engineering@yahoo.com
Page: Sof8
IQA Number 70146-5
Sample Date April 4, 2007 10:07 AM
Sample Description Cocling Water No. 5
Condition of Sample contained In one steriized glass bottle, refrigerated
Date of Analysis April 5, 2007
Analyte Units Result{s) fethod
Microbiological Testing
Standard Plate Count CFU/mL 110000 APHA (2005)
-~ / W
Approved by, Tuanjai Thangkiang, B.Sc.
Scientist (1)

Par

The above results are valid only for the analyzediesied somple(s) as indicated in this repor!.
No part af this report or certificate may be reproduced in any form without written cansent from the Laboraiory.
104 Lab v strongly r nadx that thiz report is nat reprodiced except in fill

IQA Laboratory Co., Ltd. ] b i | Tel, 66 10) 27

0 Faxéd (D) 23
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IQA LA B ORIGINAL
_ ” Analysis / Test Report

wediter) L sl itary IQA Laboratory Co., Lid.
615 Jitt-Uthai Bld., Ramkhamhaeng Rd.,
Huamark, Bangkapi. Bangkok, 10240

Phone:  (662) 715-8700

Fax; (662) 374-4040
Bill to: Supa Engineering Co..Lid Project Lot ID: 70146
Report to: Supa Engineering Co. Lid 1o
b Name:
Hubon Rd. Loca:;on‘ Date Recalved: AprO4, 2007 04:32PM
Kannayao, Bangkok, Thaliand ) Date Reported: Apr 10, 2007 11:52AM
10230 R
Atin: Supakern Chargonprasit POt s Gl
Sampled By: Accl. Code:
Company: Phone: (852) 510-7543
Fax:  (682) 510-7554 Emall: supa_sngineering@yahoo.com
Page: Golg
1QA Number 70146-6
Sample Dats April 4, 2007 10:07 AM
Sample Description Cocling Water No. 6
Condition of Sample conlained in one sterilized glass botlle, refrigerated
Dale of Analysis April 5, 2007
Analyte Units Result{s) Method
Microbiclogical Testing
Standard Plate Count CFUimL 1200000 APHA (2005)
7 s
Approved by: Tuanfai Thangkiang, B.Sc.
Sciantist (1)

The abave results are valid only for the analyzedtested sample(s) as indicated in thix report,
No part of this report or certificate muy be reproduced in any form without written convent from the Labaratory
104 Laborutory strongly recommends that this report Is not reproduced except in fill.

IQA Laboratory Co,, Ltd.
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B Analysis / Test Report

ac et 2ol Latrratary IQA Laberatery Co,, Lid.
615 Jitt-Uthal Bld., Ramkhamhaeng Rd.,
Huamark, Bangkapi, Bangkok. 10240

Phone: (662) T15-8700

Fax: (G62) 374-4040
Bill to: Supa Engineering Co..Lid Projoct Lot ID: 70146
Report lo: Supa Engingering Ce. Lid 10:
%5 -
Kubon Rd E:mtl Date Recaived: Apr (4, 2007 04:32PM
ocation:
I:gzr\;gyan. Bangkok, Thadand Date Reportad: Apr 10, 2007 11:524M
Attn: Supakorn Charoenprasit PO: Rapoc Nmben. A 12003
Sampled By: Acct. Cade:
GCompany: Phone: (862) 510-7543
Fax: (682) 510-7554 Emall: supa_engineering@yshoo.com
Page: Tolfg
1QA Number 70148-7
Sample Date April 4, 2007 10:07 AM
Sample Description Cooling Water No. 7
Condition of Sample contained in one sterilized glass bottle, refrigerated
Date of Analysis April 5, 2007
Analyte Units Rosult(s) Method
Microbiclegical Testing
Standard Plate Count CFUimL 2400000 APHA (2005)

s

Appraved by: Tuanjal Thangklang. B.Sc.
Scientist (1)

The above results are valid onfy for the analyzeditesied sample(s) as indicared in this repoet,
No part of thix report or certificate may be reproduced in any form without written consent from the Laboratory.
104 Laboraiory sirongly recommends thal this report ix no! reproduced except in fiell.

IQA Laboratory Co., Ltd. o 1 1 o - ax: 66 (0) 2374
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IQA LA B Ansdyits / ToRt REPoit ORIGINAL

eed Labionstor 1QA Laboratory Co.. Ltd.
E15 Jin-Uthai Bid., Ramkhamhaeng Rd..
. Bangkapi, Bangkok. 10240

Phone:  (662) 715-8700
Fax: (662) 3745040

Bill to: Supa Engineering Co, L1d, Project Lot ID: 70146
Report to: Supa Engineering Co, Ltd. 1o
185 Name: ST
Kubon Rd. Location: Date Received: Apr 04, 2007 04:32PM
I;(g;g;lyao. Bangkok. Thalland Date Reported: Apr 10, 2007 11:52AM
Attn: Supakorn Charcengprasit PO: port Numbsr: 112673
Sampled By: Accl Code:
Company: Phone: {582) 510-7543
Fax:  (B62) 510-7554 Emall: supa_enginesring@yahoo.com
Page: Boly
1QA Number T0146-8
Sample Date April 4, 2007 10:07 AM
Sample Description Cooling Water No. B
Condition of Sample contained in one sterifized glass bottle, refrigerated
Date of Analysis April 5, 2007
Analyte Units Result(s) Method
Microbiological Testing
Standard Plale Count CFU/mL 1400000 APHA (2005)

/’yﬂ/,

Approved by: Tuanjai Thangklang, B.Sc.
Scientist (1)

The ahove reswlts arve valid only for the analyzeditested sample(s) as indicaied in this report, Par

Na part of this report or certificate may be reproduced in any form without written consent from the Laboraiory.
1QA Laborasary sirongly recommends that wis report is not reproduced except in full.

QA Laboratory Co., Ltd, n en y 4 Te 158700 Fax: 66 (0} 21744040 www.igalab.com
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