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1 EXECUTIVE SUMMARY 

PPTC Company Limited or a small power producer gas-fired co-generation power plant facility with 
net capacity 120 MW in Lat Krabang Industrial Estate in Thailand, is planning to develop the bottoming 
of gas turbine unit by upgrade with necessary components and engineering which makes it possible to 
increase the firing temperature.  

The objective of upgrading gas turbine components is to fulfil electrical power output during short-fall 
period and increasing demand from customers. The power generation from gas turbine and steam 
turbine of exiting units are expected to increase to provide all of requirement.  

JERA-PET implements a thermal engineering software name (“THERMOFLOW”) to simulate the 
power plant configuration for various site ambience condition integrate with investment and revenues 
in appropriation condition. The bottoming cycle analysis will reveal possibility of operation after 
upgraded units in term of technical, financial prospect and regulation. At the initial of project interval, 
heat balance diagram as upgraded condition are conducted with expectation output from SIEMENS gas 
turbine proposal to generate the commercial section, compared with the existing load pattern to estimate 
earning income. 
In upgrading gas turbine model 50.5 MW to 54 MW program, the expectation net electrical output from 
power plant should be increased from 136MW to 142.6MW at ISO condition. However, the limitation 
of equipment such as the capability of HRSG were designed to operate in steam flow rate at 127,280 
kg/h. Therefore, the maximum net electrical generating load that operate without an effect on the 
bottoming cycle on site ambient temperature 34oC is increased from 120.06 MW to 127.03 MW at new 
and clean condition, and gas turbine will be operated increasing from the 43.35 MW to 46.49 MW load 
capacity. Otherwise, the gas turbine 54 MW model will generate electrical power 47.27 MW in site 
ambient temperature 34 oC without considering the limitation of HRSG. 

In considering the degradation of power plant according to the aforementioned assumptions, the value 
of degradation from present to 25th years of operation were estimated around 2.5% of power output and 
1.75% for heat rate, by the current power plant condition and estimated value from the manufacturer. 
Each gas turbine electrical generation load will decreased 1.7 MW approximately on average, from the 
maximum output.Furthermore, to reduce the chance of EGAT electrical supply shortfall event, JERA-
PET would like to recommend that PPTC could increase the electrical supply capacity to the industrial 
users in Lat-Krabang Industrial Estate in 2.13 MW from the present 31.51 MW to 33.64 MW 
(information on April 2019). In another way, power plant could increase power the electrical supply 
capacity to the industrial users as 5.53 MW in year 2023 and decrease as degradation percentage in each 
year. 

However, if we considering on the highest yield model form the power plant upgrading, it will require 
some equipment to exceed the design and specification such as HRSG that will be generated steam 
around 131,500 kg/h from 127,280 kg/h design value. Steam turbine will be fed as the amount of 
generated steam 131,500 kg/h but steam turbine have margin for additional 4% of steam flow, the 
limitation will be 132,000 kg/h, as informed by manufacturer. Anyway, the permit of each equipment 
shall be granted by the authorizer or manufacturer such as HRSG and steam turbine. 

After we studied the feasibility for the bottoming cycle analysis for GT power upgrade, JERA-PET 
would like to recommend the option for best solution without any conflict with bottoming cycle. The 
optimization load for operation which were calculated by simulate upgrading model (54MW) on site 
ambience temperature 34 oC, 65% relative humidity, including of degradation and limitation of each 
equipment 95% capacity. The based assumption is to operate the power plant under the limitation from 
mechanical equipment such as HRSG for minimize the investment and operating cost. The result were 
summarized and show in Section 7-Summary for JERA-PET’s recommendation operating load table. 
  

PP5807-COM006
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According to the information, the bottle neck for upgrading program will be described as follows. 

 

1. The HRSG system were specified the generate steam output 127,280 kg/h, so the upgrading program 
will be control the exhaust gas turbine for generate steam around 127,000 kg/h. In order to determine 
maximum exhaust energy to generate steam production as 131,500 kg/h and increase electrical output 
around 2.36 MW, the equipment must be verified by the manufacturer (“BHI”) with a calculation and 
report cost approximately 6.5 MTHB, the price is not included any additional or replacement cost, and 
duration for study is 1 month as informed by BHI. 

2. IUs load expectation for export to customer is 33.64 MW which more than the capacity of 
Distribution transformer. Therefore, we would like to recommend Owner that the distribution 
transformer will be replaced from 115/24kV ONAN/ONAF 29/36 MVA to 115/24kV ONAN/ONAF 
40/45 MVA which affects other equipment as follows. 

- Pile and foundation calculation for new distribution transformer  
- Modification work foundation of distribution transformer 2 units  
- Change 24kV cable from distribution transformer to 24kV switchgear incoming feeder 2x240 

sq.mm. due to length of cable is changed.  
- Change parameter and test relay protection 24kV Incoming panel 4 units and 115kV feeder 2 

units. 
- The engineering consultant cost and cost for study and revise for EIA document. 

The total investment cost around 40.00 MTHB. 

The estimated schedule for each distribution transformer replacement work were within 26 days without 
interrupted plant operations. As per ATTACHMENT8, the work schedule were detailed as follows. 

- Calculation pile and foundation for distribution transformer without shutdown 7 days 
- Shutdown each transformer separately for replacement 19 days 

While distribution transformer was shutting down, we recommend to operate the remaining but not 
more than 95% of equipment capacity, 30.7MW at power factor 0.907. The operating unit load shall be 
monitored carefully by PPTC because the capacity will vary, depend on actual power factor for example 
power factor 0.85 the distribution transformer capacity will be 28.77 MW. 
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In consideration with the financial perspective, JERA-PET have compared several alternatives of plant 
configuration, HRSG capability, the future electrical exportation plan and reliability of the power plant. 
The payback of investment with base on assumptions as clarified on the report are summarized as 
follows. 

Description 
Case 1 Case 2 Case 3 Case 4 

Unit 50.5MW 54MW C1 54MW C2 50.5MW 
Evap 

Short fall -50,416,012 - -10,450,384 - THB 

Investment - -40,000,000 -40,000,000 -34,000,000 THB 

LTSA Diff/Year - -4,915,722 -4,915,722 - THB 

Maintenance/Year - - - -200,000 THB 
Add electricity sell  
to IUs 2.13 MW/Year - 16,574,008 16,574,008 - THB 

Gain total in 18.17th 
year -50,416,012 154,609,417 75,091,900 -37,600,000 THB 

According to the study, the power plant will lost revenue from shortfall event in the summer every 
year, and the losses continue to increase from the power plant degradation, in total 50.42 MTHB over 
18.17 years period. The gas turbine upgrading program will not only compensate the electrical 
shortfall event, but also increase the power supply capacity in 2.13 MW. Therefore, in 50.42 years net 
profit from this program will be approximately 154.61 MTHB, payback period in 4 years.  

By the way, the upgrading program also contains some risk and clarifies as follows. 
 Loss of reliability during the distribution transformer replacement work around 19 days per

each transformer, power plant shall be supplied electricity to customers by one transformer
without standby transformer in case transformer breakdown. This means that there is a risk that
the all customers will be lost in case transformer fail during replacement.

 The limitation in regulating load on the gas turbine, which is impossible to control the exhaust
gas at a certain value before it enters to the HRSG system. The exhaust gas energy were
designed in the normal condition as 78,120 kJ/s, which is related to such variables as ambient
temperature and electrical power output. Hence, the limitations of the electrical power supply
were made to avoid this situation and the gas turbine will operate as specific power output, even
in the base load performance test. Moreover, the exhaust energy shall be confirmed to control
with firing temperature for gas turbine base load by the control loop of SIEMENS which the
logic already provided exhaust temperature protection high high trip.

 Another is the limitation on the reducing gear unit of gas turbine and steam turbine when
operating in the low temperature site’s ambient condition. The reducing gear limitation were
kept on 95% of equipment capacity, 50.90MW for gas turbines and 38.73MW for steam turbine,
respectively.

Otherwise, the others option will be shown for consideration. First, remaining operate model 50.5 MW 
on C1 to C2 period, and upgrade to model 54 MW program on C2 period as “Case3”. The net profit in 
18.17 years is 75.09 MTHB and payback period in 5 years. Second, evaporator installation for 
compensate the shortfall and degradation as “Case4” which will happen in the future.  However, the
installation and maintenance will be the additional cost in total 37.6 MTHB. 

In conclusion, based on the financial standpoint, the power plant revenues were compared after gas 
turbine upgrading and non-upgrading program from multiple perspectives. JERA-PET would like to 
recommend that the upgrading program to 54 MW on C1 “Case 2” is the best opportunity to increase 
the electrical power marketing supply to meet with customer demand. 
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2 PROJECT DESCRIPTION 

 OVERVIEW 

PPTC Company Limited or a small power producer gas-fired co-generation power plant facility with 
total capacity 120 Megawatts “MW” in Lat Krabang Industrial Estate in Thailand, is planning to 
develop the bottoming of gas turbine unit by upgrade with necessary components and engineering which 
makes it possible to increase the firing temperature.  

The objective of upgrading gas turbine components is to fulfil electrical power output during short-fall 
period and increasing demand from customers. The power generation from gas turbines are expected to 
increase to provide all of requirement. However, heat recovery steam generator and steam turbine will 
be maintained the equipment capacity by estimate the exhaust gas turbine energy with operating load 
percentage to accordance with PPTC requirements. 

The bottoming cycle analysis will reveal possibility of operation after upgraded units in term of 
technical, financial prospect and regulation. At the initial of project interval, heat balance diagram as 
upgraded condition are conducted with expectation output from SIEMENS gas turbine proposal to 
generate the commercial section, compared with the existing load pattern to estimate earning income. 

 SCOPE OF FEASIBILITY REPORT 

The scope of feasibility report will including of following item. 

2.2.1 JERA-PET SCOPE OF WORK 

 Analysis HRSG life time and remaining for upgrade. 

 HRSG efficiency, Cogen efficiency, and deviate in the heat balance diagram. 

 HRSG Limitation and concerning of equipment which impact. (DSH CV, Economizer 

boiling, high temp point, Evap zone and other auxiliary system) 

 STG limitation, Margin load, concerning of equipment (Condenser, cooling system, and 

other auxiliary system) 

 Optimum point for operation GTs load, STG export MW and Steam IUs. 

2.2.2 CONDITION OF SERVICE 

 HRSG life assessment will analyze base on PPTC inspection record.  

 Heat balance program “Thermoflow” to be use for create Heat balance Diagram. Case of 

HBD to be discussed. 

 The analysis report will not include gas turbine generator package. 
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3 DESIGN BASIS 

 SITE CONDITION 

The project was located at 99/9 Soi Chalong Krung 31, Lam Platiew Subdistrict, Lat Krabang District, 
Bangkok 10520. 

The site ambience temperature and humidity ratio will be divided to the monthly period which two 
consideration are on-peak and off-peak operation time. Data for design basis are provided by PPTC 
which is collected on 1 hour period for 2 years historical of site condition. 

No. Month 
On Peak Off Peak 

Temp 
(C) 

Humidity  
(%) 

Temp 
(C) 

Humidity  
(%) 

1 January 31.16 50.06 27.81 67.94 
2 February 31.67 54.72 28.47 71.51 
3 March 32.24 57.82 29.30 75.48 
4 April 33.23 55.68 30.50 71.07 
5 May 33.23 58.02 30.60 72.73 
6 June 31.63 65.19 29.59 76.99 
7 July 31.68 62.08 29.56 72.52 
8 August 31.43 62.40 29.44 71.97 
9 September 31.38 64.47 28.74 78.34 

10 October 32.05 59.49 29.16 75.58 
11 November 31.72 51.79 28.58 66.02 
12 December 30.73 49.42 27.29 65.71 

 

*Remark: The based information above were collected by PPTC with duration 2 years, since September 
2018 to August 2020. 

 FUEL COMPOSITION 

The fuel gas composition that used for base design were collected on 1st December 2020, during the 
power plant test at base load on PPTC power plant. The information was recorded from the “PTT online 
gas quality” web site with time interval 5 minute and average value as table below. 

Composition Gas Composition (Mole %) 
CO2 4.145 
C1 90.265 
C2 2.522 
C3 0.612 
iC4 0.144 
nC4 0.127 
iC5 0.069 
nC5 0.037 
C6+ 0.027 
N2 2.053 

Total 100 

*Remark: The wobby index during the test period was 1249.18 BTU/SCF 
The fuel High Heating Value “HHV” were calculated and specified on the assumption at section 6. 

PP5807-COM006
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 OPERATING 

3.3.1  STEAM TURBINE LOAD REJECTION (FULL-DUMP)  

Steam turbine load rejection will be performed as full dump condition when steam turbine is on load 
rejection mode with two gas turbines at 100% load, process steam is not export, steam turbine high 
pressure and low pressure stop valve are closed and turbine by-pass valve open according to HP/LP 
flow to keep HRSG pressure with temperature control by spray water. BOP is operation on normal 
condition as air compressor and air dryer, CCCW pump, Aux CW pump, MCW pump, cooling tower 
are all available with back up of spare. Referring to the document “Plant load reject and Capability test 
procedure section STG individual load rejection and by-pass valve capability test”. 

3.3.2  AUTOMATIC PLANT RUNBACK 

The automatic plant runback condition will be performed back up sequence and logic when high 
pressure boiler feed water pump or low pressure boiler feed water pump are tripped. BOP is operation 
on normal condition as air compressor and air dryer, CCCW pump, Aux CW pump, MCW pump, 
cooling tower are all available with back up of spare. Referring to the document “Plant load reject and 
Capability test procedure section automatic plant runback test”. 

Activity of run back condition 

1. Only one HP-boiler feed water pump run (HP-BFW flow rate less than 90 cubic meter per hour 
“m3/h”) 
1.1 GTG-1 quickly opened each generator circuit breaker by sequence and switch over Full speed no 
load operation. 
1.2 GTG-2 load reduces to 13.75 MW at 3 MW/min by sequence. 
1.3 STG load reduce and become Full speed no load with generator circuit breaker open. 
1.4 Process steam of Turbine extraction is switch over to letdown steam which is controlled at 30,000 
kg/h, on pressure 16 barg and temperature 205 Degree Celsius “oC”. 

2. Only one LP-boiler feed water pump run (LP-BFW flow rate less than 40 m3/h) 
2.1 GTG-1 load reduces to 28.72 MW at 3 MW/min by sequence. 
2.2 GTG-2 load reduces to 28.72 MW at 3 MW/min by sequence. 
2.3 Process steam of Turbine extraction is controlled at 30,000 kg/h, on pressure 16 barg and 
temperature 205 Degree Celsius by ST extraction and Letdown. 

To summarize, the actual worst-case condition will be hold on the Steam turbine load rejection (Full 
dump) with has forced the high work load to the main condenser (the system has provided information 
on the “Main condenser limitation section”. And, in case by-pass valve outlet to condenser level or 
pressure increase to HH status. The by-pass valve will be closed for protect condenser damage. Any 
GT/HRSG will be tripped by interlock at the same time. 
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 ENVIRONMENT 

The information from the power plant after upgrading program such fuel consumption for full load, 
partial load, emission, stack information and water consumption were provided in this section for 
Environmental Impact assortment “EIA” and others relevant document report.  

3.4.1 FUEL CONSUMPTION 

The fuel consumption and power output were simulated on site ambient temperature 32 oC with 75% 
relative humidity to accordance with existing EIA. 

Description Power output Fuel consumption Unit 

Gas turbine 54MW model  
(Full load 100%) 48.17 MW 

23,280.08 MMBTU/day 
23.28 MMSCF/day 

Gas turbine 54MW model  
(Partial load 65%) 31.20 MW 

17,506.69 MMBTU/day 

17.51 MMSCF/day 

Note* The consumption rate are based on fuel high heating value at 1,000 BTU/SCF, HHV 

3.4.2 EMISSION 

1. Ambient temperature at 25 oC 

 

 

 

 

  

2. Ambient temperature at 32 oC 

 

 

 

 

 
Note:  1) The emission were based on excess O2 7%, at normal condition temperature 25 oC 

2) SO2 were based on the maximum H2S content in the fuel is 5 ppm and no H2S content in the combustion 
air. 

 3) Cubic meter at 0 oC and 101.325 KPa 
  

Emission EIA Limit Current design 
(50.5MW) 

Upgrade design 
(54MW) Unit 

NOx 
60 60 60 ppm 

10.33 5.57 5.9 g/s 

SO2 
5 5* 5* ppm 

1.2 0.65 0.69 g/s 

TSP 
10 10 10 mg/Nm3 

0.92 0.45 0.48 g/s 

Emission EIA Limit Current design 
(50.5MW) 

Upgrade design 
(54MW) Unit 

NOx 
60 60 60 ppm 

10.33 4.4 5.67 g/s 

SO2 
5 5* 5* ppm 

1.2 0.51 0.66 g/s 

TSP 
10 10 10 mg/Nm3 

0.92 0.36 0.46 g/s 
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3.4.3 STACK INFORMATION  

Stack information for gas turbine 54MW model upgrading unit are descripted as follows 

Description Value Unit 
Temperature 99.21 oC 
Velocity 14.28 m/s 
Flow 325,069.75 Nm3/hr. 
O2 12.36 % 
Moisture 10.39 % 

 

3.4.4 WATER BALANCE DIAGRAM 

Water balance diagram for EIA were provided in the ATTACHMENT14. 

Description Water consumption 
(m3/day) Water source 

1) General water usage 15.84 Industrial water 
utilities 

2) Boiler makeup and process 
steam makeup 966.48 Industrial water 

utilities 

3) Cooling water makeup 6,295.20 Industrial treated 
water 

Total 7,277.52 - 

 

 CODE & STANDARD 

Heat recovery steam generator tube thickness will be calculated in accordance with the following codes 
and standards 

- ASME BPVC.I: ASME Boiler and Pressure Vessel Code SECTION I 

The power cable capacity calculation is based on recognized standard and specification as listed below. 

- E.I.T. Standard: The Engineering Institute of Thailand Under H.M. The King’s Patronage 
- IEC 60502-2: Power Cable with Extruded Insulation and their Accessories for Rated Voltages 

from 1 kV up to 30 kV  
- IEC 60840:  Power Cable with Extruded Insulation and their Accessories for Rated Voltages 

from 30 kV up to 150 kV 
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4 CONFIGURATION 

The feasibility for the bottoming cycle analysis report is conducted to study the possibility of this 
program. The information are based on output of gas turbine upgrading unit provided by manufacturer. 
And JERA-PET perform Heat balance diagram to estimate the overall output of power plant. The base 
case of heat balance will be depended on the PPTC load pattern with customer and EGAT, which divide 
in to peak and off peak period in each month. 

 ASSUMPTIONS 

The assumptions for study are based on the agreement with the client which refer to information from 
power plant base load test on 1st Dec 2020. 
 
The information are including of the following items; 
 
 Site ambience temperature 31 Degree Celsius with 47% relative humidity 
 Gross electrical power output 127 MWh 
 Net electrical power output 124 MWh 
 Two units gas turbine total electrical power output 90 MW 
 Steam turbine electrical power output 37.5 MWh 
 Total HP steam flow 125,000 kg/h with temperature 517 oC, pressure 64.5 bar(g)  
 Total LP steam flow 23,500 kg/h with temperature 243 oC, pressure 6 bar(g) 
 Process steam extraction from steam turbine 13,000 kg/h with temperature 203 oC, pressure 

15.5 bar(g) 
 Fuel gas compressor were included on the upgrading model configuration 

 

4.1.1 CALCULATION METHOD 

This report will be revealed 2 main patterns by the following. 

- Calculation peak and off peak on every month (Present load) 
- Calculation peak and off peak from the gas turbine upgrading model, on site ambient 

temperature 34 oC, 65% relative humidity and including of the expected degradation of 
gas turbine. 

 

Note 

 As per information from PPTC, during the summer time site ambient temperature usually 
increase to 34 oC, 65% relative humidity as average. Therefore, site ambient condition as 
temperature 34 oC, 65% relative humidity were considered in the configuration. 
 

 The degradation of gas turbine were evaluated from LTSA contract. The degradation values are 
including of power output and heat rate, which will be estimated from the guarantee value in 
LTSA agreement comparing with the present conditions. And the result of estimation of 
degradation power output is 2.5% and 1.75% for heat rate.  
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The information which generated by program will be provided as expectation parameters in “Technical 
section” as following list below. 

- Gas turbine output (Power generate, exhaust temperature, exhaust flow, heat rate) 
- Overall Plant (Plant heat rate, Gross output, Net power output) 
- High pressure and Low pressure steam condition (temperature, flow, pressure) 
- Steam exportation (flow) 

Heat balance diagram will be provided in 3 patterns of 50.5MW and 54MW model, on concerned site 
ambience condition as lowest site temperature, normal condition and highest site temperature condition, 
in different load condition which will be totally 18 conditions. (See ATTACHMENT9, 10 for more 
details) 

- The lowest condition: Ambience site temperature 19 oC, 47.67% relative humidity 
- Normal condition: Ambience site temperature 32 oC, 65% relative humidity 
- The highest condition: Ambience site temperature 40 oC, 55% relative humidity 

 

4.1.2 PRESENT LOAD PATTERN IMPORTATION TO CUSTOMERS  

The average customer electrical export per month form the power plant were provided by PPTC are 
gathering in the table as following below. 

 
Exiting IU load pattern On-Peak period 

Customer Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Ansell 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
KK 2.24 1.43 1.52 1.34 1.28 1.12 0.93 0.98 1.13 1.03 1.01 1.20 
TLM 0.65 0.64 0.74 0.76 0.74 0.63 0.73 0.63 0.71 0.66 0.77 0.76 
Unilever 8.40 8.88 9.50 10.40 9.79 8.51 9.02 8.26 9.52 9.31 8.69 8.42 
KCE 9.92 9.84 10.12 9.86 10.14 8.96 9.81 9.12 10.59 9.99 9.64 7.98 
Mondelez 3.57 3.72 3.80 4.15 3.97 3.47 3.46 3.43 3.96 3.64 3.33 3.01 
Sum 29.78 29.51 30.69 31.51 30.92 27.69 28.96 27.43 30.90 29.63 28.44 26.37 

 

Exiting IU load pattern Off-Peak period 

Customer Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Ansell 4.70 4.70 4.70 4.70 4.70 4.70 4.70 4.70 4.70 4.70 4.70 4.70 
KK 1.57 1.09 1.09 0.86 0.88 0.88 0.79 0.89 0.81 0.82 0.82 0.73 
TLM 0.60 0.63 0.67 0.57 0.66 0.68 0.71 0.74 0.64 0.64 0.77 0.64 
Unilever 6.95 7.98 8.08 7.18 7.63 7.76 7.73 7.99 6.68 7.33 7.44 6.00 
KCE 9.33 10.42 9.64 7.42 8.79 9.65 9.73 9.80 9.00 9.50 9.82 7.33 
Mondelez 3.04 3.45 3.36 2.83 3.07 3.40 2.97 3.15 2.91 2.84 2.72 2.10 
Sum 26.19 28.28 27.53 23.56 25.73 27.08 26.62 27.26 24.74 25.83 26.26 21.49 
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5 POWER SYSTEM STUDY 

 MECHANICAL 

5.1.1 GAS TURBINE UNITS 

5.1.1.1 GAS TURBINE 

Gas turbine upgrading parameter will refer to the manufacturer provided information. And information 
will be used as initial information to create heat balance diagram and other in this report. 

SGT-800 54MW Upgrade parameter on site temperature range 

INPUT DATA 
Ambient temp. °C 15 20 25 30 35 40 45 
Relative humidity % 80 80 80 80 80 80 80 
Load % 100 100 100 100 100 100 100 
Rotor speed rpm 6600 6600 6600 6600 6600 6600 6600 
OUTPUT DATA 
Power output kW 53307 52204 50728 48860 46746 43911 40185 
Efficiency % 38.78 38.64 38.38 37.99 37.47 36.79 35.77 
Heat rate kJ/kWh 9283 9316 9381 9476 9607 9786 10065 
Fuel flow kg/s 3.345 3.287 3.217 3.13 3.036 2.905 2.734 
Exhaust flow kg/s 135.6 133.6 131 127.4 123.3 117 109.9 
Exhaust temp. °C 563.8 566.2 569.9 575.1 581.4 591.5 600 
Exhaust heat cont. kJ/s 69795 69354 68785 67992 67141 65624 63354 

 
The comparison heat rate at 100% gas turbine load operation of 50.5MW and 54MW, the after 
upgrading units 
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The comparison heat rate with different gas turbine percent load operating 25 to100%, between 
50.5MW and 54MW model, after upgrading units 
 

 
 
The both graph show that the gas turbine upgrading unit or 54MW will have the better heat rate in the 
same percent load operation. 
 
Schedule of program 

The upgrading program will be extended planned outage time approximately 5-10 days depending on 
whether it is performed during a B- or a C-inspection. (See ATTACHMENT1 for more details) 
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5.1.1.2 FUEL GAS COMPRESSOR 

Regrading to the current information by PPTC, Natural gas fuel pressure inlet to the fuel metering is 
27.5 barg, which could provide adequate minimum pressure required of gas turbine without operating 
fuel gas compressor. The flow requirement of gas turbine after upgrading program was estimated by 
heat balance on the program, the program shows 23,000 kg/h at the lowest site condition. The existing 
fuel gas compressors have flow capacity 25,000 kg/h which is sufficient for operation.  
 
The natural gas supply pressure tends to decrease in the future, but not less than 300 psi or 20.7 bar as 
per PTT contract agreement. So, the configuration for upgrading model have included the fuel gas 
compressor as normal operating for consideration. However, information from the equipment data sheet 
and simulation value show that the fuel gas compressor has sufficient capability to supply fuel gas the 
gas turbine upgrading unit. 
 
The fuel gas compressor has limitation in regards of differential pressure as “The screw compressor 
being a volumetric machine requires a certain minimum pressure between the inlet and the outlet 
pressure that is limited to minimum 1.25 pressure ratio”, so the pressure and the flow requirement shall 
be clarified and confirmed with the manufacturer. (See ATTACHMENT2 for more details)  
 
 

 
 

  



Feasibility for the bottoming cycle analysis for GT power upgrade 

14 
 

5.1.2 STEAM TURBINE UNIT 

Referring to the steam turbine performance curve, the graph shows that the maximum HP steam flow 
has value around 127,000 kg/h to generate electrical power output 37.99MW. However, we have 
received the information from the steam turbine manufacturer that steam turbine has 4 percentage 
allowable from the maximum HP steam flow inlet, which means the limitation of steam turbine unit 
will be 132,000 kg/h over than the specified on the name plate. 

 

The steam turbine generator has capacity 4 4 ,9 3 0 kVA with power factor 0.99 as tested steam turbine 
generator on 1st Dec 2020, and generator efficiency is approximately 98.23 percent as specified on data 
sheet of steam turbine generator, see figure below for information. 
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The steam turbine generator will generate capacity power output as following calculation. 

Apparent power (MVA) x Power factor x Efficiency =  Power output (MW) 

44.93 x 0.99 x 0.9823   = 43.69        (MW) 
 

Reducing gear of the steam turbine has power rating capacity 42 .05 MW with efficiency is 
approximately 98.7 percent and generator efficiency 98.23 percent, so estimated generator output power 
will be calculated as following. 

Gear power rating (MW) x Gear efficiency x Generator efficiency  = Generator output   (MW) 

42.05 x 0.987 x 0.9823    = 40.77            (MW) 

The manufacturer and PPTC are concerned that the power output shall not exceed 40.1MW as 24 hours 
capacity test on 2 2nd June 2 0 1 6 .  Therefore, the limitation of power generate of steam turbine system 
will be reduced in accordance with reducing gear unit limitation. In case of PPTC would like to generate 
maximum capacity of generator with power factor 0.99, the reducing gear unit will require power rating 
around 45.06 kW which is over limited from specification 42.05 MW on data sheet. 

In conclusion, the limitation of steam turbine package shall be maintained within the limitation 127,000 
kg/h as specified by manufacturer, and the power generation shall not exceed 40.1 MW to maintain the 
steam turbine condition for life time operation. (Please see ATTACHMENT3 for more details) 

5.1.3 STEAM CONDENSER 

The limitation of the condenser system will be considered as the maximum heat load operation which 
will be based on steam turbine load reject case, steam full- dump into the condenser through by-pass 
valve.  

5.1.3.1 TURBINE BY-PASS VALVE 

In the specification of the by-pass valve HP/LP steam system shows that the calculation of by-pass 
valve process steam inlet has 10 percent margin from the normal operation. The maximum HP/LP steam 
flow of by-pass valve specification and HP/LP steam flow by Gas turbine upgrading unit calculation 
will be shown and decried the information which comparison on the table below. 

HP Bypass valve 

No. Parameter Maximum case 54MW case Unit 
1 HP steam inlet 70,840.0 <65,000.0 kg/h 
2 Pressure 56.5 73.5 bara 
3 Temperature 519 520 oC 
4 Enthalpy 3,470.6 3,455.8 kJ/kg 
5 Total heat duty (1) x (4) 245,857,304 224,627,000 kJ/h 
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LP By-pass valve 

No. Parameter Maximum case 54MW case Unit 
1 LP steam inlet 11,595.0 <11,000.0 kg/h 
2 Pressure 4.7 6.61 bara 
3 Temperature 238 310 oC 
4 Enthalpy 2,937.3 3,081.4 kJ/kg 
5 Total heat duty (1)x(4) 34,057,993.5 33,895,400 kJ/h 
 

In addition, the commissioning of turbine by-pass valve capacity test report shows that on 34 Degree 
Celsius of site ambience temperature could provide enough water consumption required from by-pass 
valve to pre conditioning before entering condenser with no significant of objection. (see 
ATTACHMENT4 for more details) 

5.1.3.2 MAIN COOLING CONDENSER 

The heat that transfer to the condenser will be removed by cooling water from the cooling tower, the 
higher heat in condenser required the higher cooling water flow or lower temperature inlet. Otherwise, 
the water outlet temperature will be increased, cooling water temperature increase at outlet state will 
affect to the pressure in main condenser and cooling tower work load, from reject heat energy from 
condenser. 
 
The main cooling condenser has specified information as provided figure from below, the capability of 
equipment or heat duty is 64,503,768 kcal/hour (207,064,376 kJ/hour) which limited by heating surface 
area and thermal conductivity of tube material. Since, the normal operating condition in the upgrading 
program were limited to operate in design value or 127,570 kg/hr, the condenser load will be in the 
design value, and it will not affect to equipment efficiency. However, the partial operating by any cause 
such as steam turbine trip, heat load will increased, if steam generating are increase. 
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The heat load from steam turbine load reject case, steam full- dump into the condenser through by-pass 
valve are descript as heat load calculation on the table below. 
 

No Description Value Unit 
1 HP Steam flow 65,000 kg/h 
2 Cooling water flow 22,423 kg/h 
3 HP Conditioned flow (1)+(2) 87,423 kg/h 
4 LP Steam flow 11,000 kg/h 
5 Cooling water flow 1,044 kg/h 
6 LP Conditioned flow (4)+(5) 12,044 kg/h 
7 Total flow (3)+(6)*2 unit 198,934 kg/h 
8 Temperature condenser 90 oC 
9 Pressure 0.095 bar.a 
10 Heat energy inlet (conditioned steam) 2,668 kJ/kg 
11 Heat energy outlet (condensate) 203 kJ/kg 
12 ∆h (10)-(11) 2,465 kJ/kg 
    
Heat load to condenser (7)*(12) 491,366,980 kJ/h 

 
The Maximum heat output which will carry out from condenser by cooling water from cooling tower 
unit are descripted as heat load calculation on the table below. 
 

No Description Value Unit 

1 Cooling water flow (max.) 7,180,000 kg/h 

2 Pressure 3.2 bar.a 

3 Specific heat 4.18 kJ/kg 
4 Temperature inlet 32 oC 

5 Temperature outlet 49 oC 

6 ∆T (5)-(4) 17 oC 

    

Heat reject by cooling water (1)*(3)*(6) 510,210,800 kJ/h 

*Note: Referring to the Cooling Tower operation and maintenance manual “V-D173-10PAD 10-20-30 
AH010-92-002_1”, the temperature of the hot water feeding the cooling tower can not be higher than 
55 oC with the fans in operation except in specific case after the agreement of the manufacturer. If one 
of the fans is stopped, the temperature limit is 45 oC. 
 
However, the information and calculation above was prepared to estimate the capacity of equipment in 
momentary operation, and it not suitable for long-term operation as on the normal operating condition. 
JERA-PET not recommend to operate on maximum capacity as normal operation, and PPTC shall 
operation as specify on power plant Operation and Manual procedure of manufacturer. 
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5.1.3.3 COOLING-FAN TRIPPED AND AUTOMATIC RUNBACK 

The cooling tower for PPTC have three cells, two operation and one for stand-by. In each cell has 
mechanical drive fan to remove heat from cooling water by evaporation process. The base design 
calculation were two cell operation, in case of only one cell remain for operation will be considered as 
follows.  
The calculation amount of heat removed to decrease the cooling water temperature 41.1 to 32 oC with 
flow capacity 7,500 m3/h. 

Heat lost    = Mass x Specific heat x Change in temperature    
  Q (kW)   = m (kg/s) x C x ΔT 

= 2,066.25 x 4.18 x 9.1 
= 78,569.69 kW 

 

And, calculation for amount of heat removed from the cooling tower by evaporation per cell is 
calculated as follows. 

 

 

 

According from the calculation above, in case of the cooling fan tripped and the stand-by unit could not 
be operated, or only one cooling fan working has occurred during operation. The cooling tower as one 
cell operation will not coverage the heat energy from the condenser which transfer by the cooling water 
cycle. Therefore, if the cooling tower has capacity for one cell operation, the power plant shall be run 
logically as specified on the power plant Operation & Maintenance procedure to reduce power plant 
load accordingly. 
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In order to consider the bottoming cycle during operation on automatic runback mode of GT model 
54MW, we have studies the exhaust heat content from GT which will be the main cause of this scenario.  

As mentioned in section 3.3.2, the automatic plat run back mode will be operated on GT load as 
13.75MW and 28.72MW, so the exhaust gas output of 28.72MW were summarized as the figure below. 

 

 

 

Referring to The study shows in similarity specific megawatts output of GT model 50.5MW and 54MW, 
the GT model 54MW was run at lower load percentage(%) than the GT model 50.5MW. Furthermore, 
the exhaust energy differential of GT 54MW and 50.5MW were around 400 kJ/s and GT model 
50.5MWis the higher which is not sufficient to create any different. 

5.1.4 HEAT RECOVERY STEAM GENERATOR 

The Heat Recovery Steam Generator (“HRSG”) system has specified the maximum designed steaming 
capacity for high pressure and low pressure are 63,640 kg/h and 10,540 kg/h respectively. (see 
ATTACHMENT5 for more details) 

In consideration of highest output from normal operation we have divide the possible case in to two 
cases.  

The first case”Case1” is the HRSG could not generate steam over the HRSG specification capability, 
and the remaining energy from exhaust gas turbine will be rejected through the stack.  

The second”Case2” is in assumption of highest output from gas turbine normal operation, the HRSG 
will generate steam over the specification capability. 

To prove the possibility of steam generation as mention before, we have provide the velocity calculation 
table of superheated steam at last stage, comparison with the others project form our experiences. In 
our experiences, we are recommended the velocity for superheated steam in inner pipe diameter 51 
millimeter “mm.” and smaller will not exceed 35.6 meter per second “m/s”. 
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Since, the relative between volume flow rate and the velocity are calculated as follows. 

 

    Q = A x V 

 

  Where;   Q = Quantity of flow    (m3/s) 
    A = Cross sectional area of pipe  (m2) 
    V = Average velocity  (m/s) 
 
The calculation were summarized in the table below. 
 

No Description PPTC PPTC PPTC SSP1 SSP1 SSP2 SSP2 Unit 

Norm. Max Test Norm. Max Norm. Max 
1 Tube outside diameter 44.5 44.5 44.5 N/A N/A 44.5 44.5 mm 
2 Nominal thickness 4.20 4.20 4.20 2.6 2.6 4.40 4.40 mm 
3 Inside diameter 0.0361 0.0361 0.0361 0.0329 0.0329 0.0329 0.0329 m 
4 Area 0.0010 0.0010 0.0010 0.0009 0.0009 0.0009 0.0009 m2 
5 Tube quantity 38 38 38 32 32 34 34 EA. 
6 Total section area 0.039 0.039 0.039 0.027 0.027 0.029 0.029 m2           

7 Density 0.0450 0.0609 0.0529 0.0450 0.0783 0.0448 0.0601 m3/kg 
8 Mass flow - 64.31 62.8 46.418 47.117 61.875 62.52 TPH 
9 Mass flow 17.679 17.864 17.444 12.894 13.088 17.188 17.367 kg/s 

10 Volume 0.80 1.09 0.92 0.58 1.03 0.77 1.04 m3/s 
11 Velocity by Mass flow 20.46 27.99 23.72 21.33 37.69 26.66 36.09 m/s 

Note * Norm. is the normal operation 
 Max is the maximum velocity from investigation 
 Test is the value from the plant base load test on 1st Dec 2020 
 

From previous paragraph, we have been assumed that HRSG will generate steam as the second case for 
further studies. Then the highest output from normal operation HRSG will be considering on the 
operation at lowest site ambience temperature condition. Following the information provided by PPTC, 
the lowest temperature is 19 Degree Celsius with 47.67% of Humidity ratio. After we simulated with 
mentioned condition, we found the HRSG generate high pressure steam capacity around 65,000 kg/h 
with the velocity was 24.8 m/s. The low pressure steam generate capacity around 11,000 kg/h which 
are all over specification on the equipment name plate.  

In the other way, if the HRSG have reach the capability to generate steam and we increase heat load as 
exhaust flow and temperature to the system, the energy form exhaust will not make use of the addition 
energy, and increase flue gas temperature at the stack outlet. In this case, law and regulation shall be 
concerned for this scenario as Environmental Impact Assessment.  

By the way, PPTC required to maintain the steam generation capacity as designing value due to 
concerning about lifespan and reliability of equipment, and steam turbine are also not recommended to 
feed steam flow more than 127,000 kg/h.  
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For summarized, HRSG specification were not specified about steaming capability margin on the data 
sheet or the calculation method of the HRSG system, so we could not guarantee that the system has 
reached to the limitation of the equipment capacity or it has remaining capability for an upgrading 
operation. However, gas turbine shall be operated in specific output to maintain the exhaust gas in the 
limit as energy rate 78,120 kJ/s for generate steam 127,000 kg/h, to accordance with the PPTC 
requirement. And if gas turbine upgrading program was confirmed, JERA-PET are recommended to 
contact to HRSG manufacturer to verify the heat recovery profile and limitation of HRSG.  

5.1.4.1 TUBE THICKNESS REMAINING 

According to the Inspection report ultrasonic thickness measure on 2019, we found some tube thickness 
have decrease than lower normal thickness value. So, we will provide the calculation of concerning 
portion by following basis. 

The calculation are based on ASME standard BPVC section I as A-137.2.1 Equations (Based on the 
Strength of the weakest course) minimum thickness of pipe wall require by the calculated below. 

 

 

 

   t  = minimum required thickness 
   D  = outside diameter of cylinder 
   E  = the base of natural logarithms 
   P  = maximum allowable working pressure 
   S  = maximum allowable stress value at design temperature of metal 
   E  = efficiency (1.0 for seamless cylinders without opening) 
   C  = minimum allowance for threading and structural 
   f  = thickness factor for expanded tube ends 
 
The calculation of tube thickness in HRSG are considered on the HP section due to the report shows 
tube thickness have been decreasing dramatically from the nominal thickness. The calculation of tube 
thickness will be descripted in the next section. 

5.1.4.1.1 THE SYSTEM DESIGN PARAMETER 

The HRSG tube were calculated in designing phase as follows. 

No. Description 
Design 

temp (oC) 
Operating 
temp (oC) 

Design 
Press (bar) 

Operating 
Press (bar) 

1 HIGH PRESSURE 
SUPERHEATER 553 534 86 76 

2 HIGH PRESSURE 
EVAPORATOR 339 329 88 77.9 

3 HIGH PRESSURE 
ECONOMIZER 323 110 115 85.2 
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5.1.4.1.2 HIGH PRESSURE SUPERHEATER 4 

No. Description value Unit 
1 Component part HP SH4   
2 Material SA213-T22   
3 Design Temperature (T) 553 oC 
4 Maximum allowable working pressure (P) 8.6 Mpa 
5 Maximum allowable stress (S) 46.12 Mpa 
6 Tube end type Welded   
7 Tube outside diameter (D) 44.5 mm 
8 Corrosion allowance 0.4 mm 
9 Efficiency 1   

10 Calculated min required thickness 3.79 mm 
11 Min. thickness (8)+(10) 4.19 mm 
12 Nominal thickness 4.20 mm 
13 Lowest inspection thickness 4.41 mm 

      
Thickness loss (12)-(13) -0.21 mm 
Remaining thickness (13)-(10) 0.62 mm 

 
The thickness loss shows minus value, because the inspection report shows inspection tube thickness 
higher than the nominal thickness. Therefore, the high pressure super heater at stage 4 tube thickness 
have remaining thickness to operation as 0.62 mm with no significant. 

5.1.4.1.3 HIGH PRESSURE SUPERHEATER 3 

No. Description value Unit 
1 Component part HP SH3   
2 Material SA213-T22   
3 Design Temperature (T) 544 oC 
4 Maximum allowable working pressure (P) 8.6 Mpa 
5 Maximum allowable stress (S) 51.61 Mpa 
6 Tube end type Welded   
7 Tube outside diameter (D) 44.5 mm 
8 Corrosion allowance 0.4 mm 
9 Efficiency 1   

10 Calculated min required thickness 3.42 mm 
11 Min. thickness (8)+(10) 3.82 mm 
12 Nominal thickness 3.90 mm 
13 Lowest inspection thickness 3.65 mm 

      
Thickness loss (12)-(13) 0.25 mm 
Remaining thickness (13)-(10) 0.23 mm 

 
The thickness loss in the high pressure superheater stage 3 is 0.25 from the nominal thickness value, in 
3 years operation approximately by plant operation since 2016 and inspection test on 2019. However, 
the tube thickness have remaining thickness to operation as 0.23 mm without corrosion allowance 
but this stage shall be concerned and keep monitoring frequently. 
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5.1.4.1.4 HIGH PRESSURE SUPERHEATER 2 

No. Description value Unit 
1 Component part HP SH2   
2 Material SA213-T22   
3 Design Temperature (T) 497 oC 
4 Maximum allowable working pressure (P) 8.6 Mpa 
5 Maximum allowable stress (S) 83.19 Mpa 
6 Tube end type Welded   
7 Tube outside diameter (D) 44.5 mm 
8 Corrosion allowance 0.4 mm 
9 Efficiency 1   

10 Calculated min required thickness 2.19 mm 
11 Min. thickness (8)+(10) 2.59 mm 
12 Nominal thickness 2.60 mm 
13 Lowest inspection thickness 2.40 mm 

      
Thickness loss (12)-(13) 0.20 mm 
Remaining thickness (13)-(10) 0.21 mm 

 
The thickness loss in the high pressure superheater stage 2 is 0.20 from the nominal thickness value, in 
5 years operation approximately by plant operation since 2016 and inspection test on 2019. However, 
the tube thickness have remaining thickness to operation as 0.21 mm without corrosion allowance 
but this stage shall be concerned and keep monitoring frequently. 

5.1.4.1.5 HIGH PRESSURE EVAPORATOR 

No. Description value Unit 
1 Component part HP EV   
2 Material SA178-A   
3 Design Temperature (T) 339 oC 
4 Maximum allowable working pressure (P) 8.8 Mpa 
5 Maximum allowable stress (S) 89.08 Mpa 
6 Tube end type Welded   
7 Tube outside diameter (D) 38.1 mm 
8 Corrosion allowance 0 mm 
9 Efficiency 1   

10 Calculated min required thickness 1.79 mm 
11 Min. thickness (8)+(10) 1.79 mm 
12 Nominal thickness 2.40 mm 
13 Lowest inspection thickness 2.29 mm 

      
Thickness loss (12)-(13) 0.11 mm 
Remaining thickness (13)-(10) 0.50 mm 

 
The thickness loss in the high pressure evaporator is 0.11 from the nominal thickness value, in 5 years 
operation approximately by plant operation since 2016 and inspection test on 2019. However, the tube 
thickness of evaporator have high margin and remaining thickness to operation as 0.50 mm with no 
significant. 
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5.1.4.1.6 HIGH PRESSURE ECONOMIZER 

No. Description value Unit 
1 Component part HP EC   
2 Material SA178-A   
3 Design Temperature (T) 323 oC 
4 Maximum allowable working pressure (P) 11.5 Mpa 
5 Maximum allowable stress (S) 90.80 Mpa 
6 Tube end type Welded   
7 Tube outside diameter (D) 31.8 mm 
8 Corrosion allowance 0 mm 
9 Efficiency 1   

10 Calculated min required thickness 1.89 mm 
11 Min. thickness (8)+(10) 1.89 mm 
12 Nominal thickness 2.40 mm 
13 Lowest inspection thickness 2.36 mm 

      
Thickness loss (12)-(13) 0.04 mm 
Remaining thickness (13)-(10) 0.47 mm 

 
The thickness loss in the high pressure evaporator is 0.04 from the nominal thickness value, in 5 years 
operation approximately by plant operation since 2016 and inspection test on 2019. However, the tube 
thickness of evaporator have high margin and remaining thickness to operation as 0.47 mm with no 
significant. 

5.1.4.1.7 THE SUMMARY OF THE CALCULATION RESULT AND THE REPORT. 
 

No. Pressure part Nominal t Inspection t Required tm Unit Recommend 
HRSG UNIT 11 
1 HP SH4 4.20 4.43 3.79 mm No significant 
2 HP SH3 3.90 3.65 3.42 mm Continue monitor 
3 HP SH2 2.60 2.42 2.19 mm Continue monitor 
4 HP EV4 2.40 2.44 1.79 mm No significant 
5 HP EV3 2.40 2.40 1.79 mm No significant 
6 HP EV2 2.40 2.36 1.79 mm No significant 
7 HP EV1 2.40 2.38 1.79 mm No significant 
8 HP EC5 2.40 2.47 1.89 mm No significant 
9 HP EC3 2.40 2.40 1.89 mm No significant 

10 HP EC1 2.40 2.40 1.89 mm No significant 
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No. Pressure part Nominal t Inspection t Required tm Unit Recommend 
HRSG UNIT 12 
1 HP SH4 4.20 4.41 3.79 mm No significant 
2 HP SH3 3.90 4.08 3.42 mm No significant 
3 HP SH2 2.60 2.40 2.19 mm Continue monitor 
4 HP EV4 2.40 2.46 1.79 mm No significant 
5 HP EV3 2.40 2.31 1.79 mm No significant 
6 HP EV2 2.40 2.39 1.79 mm No significant 
7 HP EV1 2.40 2.29 1.79 mm No significant 
8 HP EC5 2.40 2.36 1.89 mm No significant 
9 HP EC3 2.40 2.40 1.89 mm No significant 

10 HP EC1 2.40 2.41 1.89 mm No significant 

 

As above information, the nominal thickness from the table were calculated to follow the piping spec 
standard for estimate all tube thickness remaining lifespan. By the way, the highlight parameter is 
closing to the design value which are including of HP SH3 and HP SH2 of HRSG11, and HP SH2 of 
HRSG12.  

Since, we have only one inspection report for tube thickness in HRSG, we will use the most thickness 
loss during 3 years operation in the high pressure superheater stage 3 unit 11 as based information, 
which the thickness lose 0.25 mm and remaining 0.23 mm. As per information which we have on hand, 
the remaining lifespan of HRSG could be around 3 years from the last inspection 2019.  

However, after upgrading program the steam flow were expected to increase, and steam velocity could 
be increased as consequences. By following, the tube thickness will be decreased by erosion of steam 
in consequently, then the tube thickness lifespan might be shorten. (See ATTACHMENT6 for Tube 
thickness inspection reports) 

However, JERA-PET are highly recommend to continue monitor and have an inspection test. The 
monitoring shall be done by annual inspection or as available with minimum on concentrated item, but 
not over 3 years period as procedure. The report result will show the trend repeated over several years, 
PPTC can reasonably make a prediction from a graph of HRSG tube life time. 
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5.1.4.2 DE-SUPERHEATER 

In consideration of the limitation of de-superheater valve capacity, the highest flow requirement were 
expected to occur during the partial load operation. The site conditions as specified on the plant 
configuration such Lowest, Normal and highest in section 4 were used. By the program simulation, we 
found the capacity of cooling water fed to the de-superheater valve were around 1,000 – 2,500 kg/h 

The calculation of de-superheater water consumption of model 54 MW are summarized as follows. 

Operating Data Units Peak Off-Peak 

St
ea

m
 In

le
t Flow Rate kg/h 66,880 50,890 

Pressure Barg 67.13 58.14 

Temperature C 498 510 

W
at

er
 In

le
t Flow Rate kg/h 1,080 2,060 

Pressure  Barg 94.7 96.75 

Temperature C 61.93 57.38 

St
ea

m
 O

ut
le

t Flow Rate kg/h 67,960 52,950 

Pressure Barg 67.03 58.04 

Temperature C 474 450 

5.1.5 BALANCE OF PLANT 

5.1.5.1 HIGH PRESSURE BOILER FEED WATER PUMP 

High pressure boiler feed water pump (“HP BFWP”) system is 3x50% operation, and in each pump has 
guaranteed discharge capacity 68 m3/hour at pump head 922.7 meters. The HRSG system required water 
flow around 65,000 kg/h or 65 m3/hour approximately which is in capability of the HP BFWP.  

AS per data sheet control valve 11/12HAC10AA020 - High pressure feed water level 100%, shows the 
flow characteristic curve of control valve is equal percentage type. The information from PPTC power 
plant reveal that actual operation opening around 40 percent, which mean valve has capability margin 
for upcoming flow rate in 90 percent. (See ATTACHMENT7 for more details) 
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5.1.5.2 LOW PRESSURE BOILER FEED WATER PUMP  

Low pressure boiler feed water pump (“LP BFWP”) system is 3x50% operation, and in each pump has 
guaranteed discharge capacity 28 m3/hour at pump head 159.93 meters. The HRSG system required 
water flow around 11,000 kg/h or 11m3/hour approximately which is in capability of the LP BFWP. 

AS per data sheet control valve 11/12HAC50AA020 High pressure feed water level 100%, shows the 
flow characteristic curve of control valve is equal percentage type. The information from PPTC power 
plant reveal that actual operation opening around 55 percent, which mean valve has capability margin 
for upcoming flow rate in 65 percent. (See ATTACHMENT7 for more details) 

  

5.1.5.3 CONDENSATE EXTRACTION PUMP  

Condensate extraction pump (“CEP”) system is 2x100% operation, and in each pump has guaranteed 
discharge capacity 210 m3/hour at pump head 40 meter. Two unit of HRSG system produced water total 
steam flow around 152,000 kg/h or 152 m3/hour at normal operation and the steam turbine load rejection 
case is around 198,934 kg/h or 199 m3/hour, which is in capability of the CEP.   

5.1.5.4 DEMINERALIZATION SYSTEM 

The demineralization system will make-up the demin water to the HRSG system from the loss of 
blowdown and steam extraction to customer. The total system has capacity to generate demin water 35 
m3/hour. The HRSG continues blow down (“CBD”) is required 1% of steam flow, the upgrading has 
steam flow 65,000 and 11,000 kg/h for and HP and LP respectively. The HP CBD flow would be 
estimated as 650 kg/h and 110 kg/h for LP section per unit. The extraction steam is expected to export 
to customer after upgrading program is 20,000 kg/h, and the total make-up water will be calculated as 
follows. 

The total demin make-up water to HRSG  = 2x(CBD HP) + 2x(CBD LP) + Steam extraction 

      = 2x(650) + 2x(110) + 20,000 

= 21,520 kg/h or 21.52 m3/h 

In summary, the system would require generated demin water to make-up the HRSG system as 21.52 
m3/hour, which capacity of demineralized plant could provide sufficient make-up water for the HRSG 
with upgrading condition.  
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5.1.5.5 CLOSE COOLING CYCLE WATER SYSTEM 

Close cooling cycle water system or “CCCW”, could be increase due to heat load or heat residue after 
upgrade gas turbine in cooling system and control system might be higher. There are no information 
from the manufacturer in this system, so we are estimated the capability of CCCW system by design 
margin. During the plant test on 1st December 2020, the temperature of CCCW before distribution was 
33.53 oC (10PGA30CT201) and return with 38.88 oC (10PGB30CT201). 

The following information in the table below shows design calculation for CCCW system. 

 

The calculation from vendor used different temperature as 10 oC with 747.2 m3/h flow capacity, so they 
selected pump flow capacity as 935 m3/h. However, GT manufacturer require to increase GTG lube oil 
cooler to 135 m3/h flow capacity. Therefore, the total CCCW flow will be 791.62 m3/h which is in 
capability of the CCCW system.  

 
As per investigation and calculation, the BOP system with including of HP boiler feed pump, LP boiler 
feed pump, condensate extraction pump, Demineralization system and close cooling cycle water system 
have capability or design margin for the GT upgrading program without any modification need. 

  

Closed cycle cooling loop Heat  
(kW) 

ΔT  
(oC) 

C 
(kJ/kh/oC) 

M    
(m3/h) 

No.1 GTG lube oil cooler 1,555.00 10.00 4.18 135 
No.2 GTG lube oil cooler 1,555.00 10.00 4.18 135 
No.1 GT generator cooler 679.00 10.00 4.18 58.91 
No.2 GT generator cooler 679.00 10.00 4.18 58.91 
ST lube oil cooler 1,728.89 10.00 4.18 150.00 
Steam Turbine Generator 1,728.89 10.00 4.18 150.00 
Chiller for sample cooler 230.52 10.00 4.18 20.00 
No.1 Fuel gas comp. 305.44 10.00 4.18 26.50 
No.2 Fuel gas comp. 305.44 10.00 4.18 26.50 
No.1 Air comp. 176.78 10.00 4.18 15.40 
No.2 Air comp. 176.78 10.00 4.18 15.40 

Total 9,120.74   791.62 
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 ELECTRICAL 

5.2.1 TRANSFORMER UNITS 

Transformer capability calculation will be based on maximum output of each generator. 
Maximum output of gas turbine is 52.7 MW and 39 MW for steam turbine respectively, at site ambience 
temperature 19 oC and Power factor 0.957 for gas turbine and 0.99 for steam turbine generator.  

5.2.1.1 GAS TURBINE TRANSFORMER 

According to the data sheet of gas turbine transformer, the gas turbine transformer capacity is 56 MVA 
and we select efficiency of transformer at 99 percent. Power factor of gas turbine transformer tested on 
1st December 2020 is 0.957. The maximum output capacity of gas turbine transformer as following 
calculation. 

Maximum Output Capacity of GT transformer (MW) 
= Capacity of GT transformer (MVA) x Power factor x Efficiency  
= 56 x 0.957 x 0.99   
= 53.06 (MW) 

 
The maximum output capacity of GT transformer is 53.06 MW which more than maximum output 
reducing gear of gas turbine generator minus in house load (53.58-1.89 MW) is 51.69 MW. So the 
capacity of gas turbine transformer is enough after upgrade gas turbine. (Fuel gas compressor excluded) 

5.2.1.2 STEAM TURBINE TRANSFORMER 

According to the data sheet of steam turbine transformer, the steam turbine transformer capacity is 46 
MVA and we select efficiency of transformer at 99 percent. Power factor steam turbine transformer 
tested on 1st December 2020 is (0.99). The maximum output capacity of steam turbine transformer as 
following calculation. 

Maximum Output Capacity of ST transformer (MW) 
= Capacity of ST transformer (MVA) x Power factor x Efficiency 
= 46 x 0.99 x 0.99  
= 45.085 (MW) 

 
The maximum output capacity of ST transformer is 45.085 MW which more than maximum output 
reducing gear of steam turbine generator at 40.75 MW. So the capacity of steam turbine transformer is 
enough after upgrade gas turbine. 

  

PP5807-COM006
Highlight
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5.2.1.3 DISTRIBUTION TRANSFORMER (24KV IUs TRANSFORMER) 

According to the data sheet of Distribution transformer, the Distribution transformer capacity is 36 
MVA and we select efficiency of transformer at 99 percent. Maximum load of industrial user on 12th 
March 2020 is 32.11 MW and power factor is 0.907. The maximum output capacity of distribution 
transformer based on current maximum load as following calculation. 

 
Maximum Output Capacity of Distribution transformer (MW) 

= Capacity of Distribution transformer (MVA) x Power factor x Efficiency 
= 36 x 0.907 x 0.99  
= 32.32 (MW) or 35.63 (MVA) 

 
The maximum output capacity of Distribution transformer is 32.32 MW which more than output of 
current maximum load 32.11 MW but if load industrial user after upgrade gas turbine is more than 
32.32 MW (included pump house), one Distribution transformer cannot supply for customer. Therefore, 
JERA-PET recommend to replace Distribution transformer. 

In case replace Distribution transformer from 115/24kV ONAN/ONAF 29/36 MVA to 115/24kV 
ONAN/ONAF 40/45 MVA.  The maximum output capacity of new Distribution transformer based on 
current maximum load as following calculation. 

Maximum Output Capacity of new Distribution transformer (MW) 
= Capacity of new Distribution transformer (MVA) x Power factor x Efficiency 
= 45 x 0.907 x 0.99  
= 40.41 (MW) or 44.55 (MVA) 
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5.2.2 GENERATOR 

5.2.2.1 GAS TURBINE GENERATOR 

In considering to estimate gas turbine generator maximum capability, we define the reducing gear 
efficiency of gas turbine to 98.7 percent as steam turbine reducing gear unit.  

 

Reducing gear of gas turbine will generate capacity power output as following calculation. 

Gear Power Rating (MW) x Power factor x Efficiency =  Power output  (MW) 

55 x 0.987 x 0.987 = 53.58      (MW) 

 

Gas turbine will generate capacity power output as following calculation.  

Apparent power (MVA) x Power factor x Efficiency  =  Power output  (MW)  

58.824 x 0.957 x 0.987   =  55.56   (MW) 

Note: Power Factor is 0.957 from test best load gas turbine generator on 1st Dec 2020. 
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5.2.2.2 STEAM TURBINE GENERATOR 

The steam turbine generator has capacity 44,930kVA with power factor 0.99 as required from PPTC, 
and generator efficiency is approximately 9 8 .23 percent as specified on data sheet of steam turbine 
generator, see figure below for information. 

 

The steam turbine generator will generate capacity power output as following calculation. 

Apparent power (MVA) x Power factor x Efficiency =  Power output (MW) 

                                                               44.93 x 0.99 x 0.9823       =           43.69        (MW) 

Reducing gear of the steam turbine has power rating capacity 42.05 MW with efficiency is 
approximately 98.7 percent and generator efficiency 98.23 percent, so estimated generator output power 
will be calculated as following.  

Gear power rating (MW) x Gear efficiency x Generator efficiency = Generator output (MW) 

 42.05 x 0.987 x 0.9823  =     40.77 (MW) 
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5.2.3 24KV SWITCH GEAR INCOMING AND OUTGOING FEEDER 

Note: PF 0.907 from Maximum load of industrial user on 12 March 2020 is 32.11 MW 

5.2.3.1 24KV SWITCHGEAR INCOMING FEEDER SIMOPRIME A4 AND NX PLUS C 

24kV Switchgear Incoming Feeder rated vacuum circuit breaker (VCB) is 1,250 A at 40 ◦C. The 
maximum capacity of incoming feeder as following calculation. 

1.732 x VCB rated capacity (A) x Operating Voltage (kV)  

= Apparent power  (MVA) 

1.732 x 1250 x 24  = 51.96    (MVA)  

At PF 0.907   = 47.13    (MW) 

Relay protection setting Phase/Earth Overcurrent (51/51N) at 39.65 (MVA) 

5.2.3.2 24KV SWITCHGEAR OUTGOING FEEDER 

5.2.3.2.1 24KV SWITCHGEAR OUTGOING FEEDER SIMOPRIME A4 

24kV Switchgear Outgoing Feeder rated vacuum circuit breaker (VCB) is 1,250 A at 40 ◦C. The 
maximum capacity of incoming feeder as following calculation. 

1.732 x VCB rated capacity (A) x Operating Voltage (kV)  

= Apparent power  (MVA) 

1.732 x 1250 x 24  = 51.96    (MVA)  

At PF 0.907   =  47.13    (MW) 

Relay protection setting Phase/Earth Overcurrent (51/51N) at 22.78 (MVA) 

5.2.3.2.2 24KV SWITCHGEAR OUTGOING FEEDER NX PLUS C 

24kV Switchgear Outgoing Feeder rated vacuum circuit breaker (VCB) is 630 A at 40 ◦C. The 
maximum capacity of incoming feeder as following calculation. 

1.732 x VCB rated capacity (A) x Operating Voltage (kV)  

= Apparent power  (MVA) 

1.732 x 630 x 24     = 26.19 (MVA)  

At PF 0.907      =  23.75 (MW) 

Relay protection setting Phase/Earth Overcurrent (51/51N) at 22.78 (MVA) 

See current carrying capacity VCB of Simoprime A4 and NX Plus C at temperature 40 ◦C as 
Attachment8. 
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5.2.4 CABLE AND TRANSMISSION LINE  

5.2.4.1 115KV CABLE FROM 115KV GIS TO DISTRIBUTION TRANSFORMER  

Specification of cable is 240 sq.mm. 115 kV Cu/XLPE/PVC 1 Core current rated 539.8 A included 
derating factor as drawing no. D173-EE-050E_5_Cable Sizing and Ampacity Calculation.  The 
maximum capacity of cable as following calculation. 

1.732 x Capacity of cable included derating factor (A) x Operating Voltage (kV)  

= Apparent power  (MVA) 

1.732 x 539.8 x 115  = 107.51   (MVA) 

At PF 0.907   = 97.52    (MW) 

5.2.4.2 24KV CABLE FROM DISTRIBUTION TRANSFORMER TO 24KV 
SWITCHGEAR INCOMING FEEDER 

Specification of cable is 2x240 sq.mm. 18/30(36) kV Cu/XLPE/PVC 1 Core current rated 641 A in free 
air at 30 ◦C per one cable.  The maximum capacity of cable at 40 ◦C as following calculation.  

1.732 x Number of cable x Capacity of cable(A)  x Correction factor for ambient air temperature x 
Correction factor for installation x Operating Voltage (kV)  

=  Apparent power  (MVA) 

1.732 x 2 x 641 x 0.91 x 0.94 x 24 =  45.58    (MVA) 

At PF 0.907    =  41.35    (MW) 

Current rated is 641 A, Correction factor for ambient air temperature at 40 ◦C is 0.91, and Correction 
factor for installation is 0.94 as drawing no. D173-EE-050E_5_Cable Sizing and Ampacity Calculation 
page 28, 127 and 141 respectively. 

5.2.4.3 24KV CABLE FROM 24KV SWITCHGEAR OUTGOING FEEDER TO RISER 
POLE 

Specification of cable is 300 sq.mm. 12/20(24) kV Cu/CV 1 Core current rated 775 A at 40 ◦C followed 
specification of manufacturer (Bangkok cable). The maximum cable from 24kV Switchgear Outgoing 
Feeder to Riser Pole as following calculation. 

1.732 x Cable capacity (A) x Operating Voltage (kV) x Correction factor for installation  

=      Apparent power  (MVA) 

1.732 x 775 x 24 x 0.93  = 29.96    (MVA) 

At PF 0.907   = 27.17    (MW) 
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5.2.4.4 24KV CABLE FROM RISER POLE TO CUSTOMER 

Specification of cable is 240 sq.mm. 25 kV SAC rated 520 A followed specification of manufacturer 
(Bangkok cable). The maximum capacity of cable from riser pole to customer as following calculation. 

1.732 x Cable capacity (A) x Operating Voltage (kV)    

= Apparent power  (MVA) 

1.732 x 497 x 24   = 20.66    (MVA) 

At PF 0.907   = 18.74    (MW) 

According above mention in item 5.2, Conclusion of each equipment capacity show as table below. 

Equipment Capacity (MW) 95% Capacity (MW) 

Generator and Reducing Gear   

Gas Turbine Generator 55.56 at PF 0.957 52.78 

Reducing Gear Gas Turbine Generator 53.58 50.90 

Steam Turbine Generator 43.69 at PF 0.99 39.32 

Reducing Gear Steam Turbine Generator 40.77 38.73 

Transformers   

Gas turbine transformer 56 MVA 53.06 at PF 0.957 50.41 

Steam turbine transformer 46 MVA 45.08 at PF 0.99 42.82 

Distribution transformer 36 MVA 32.32 at PF 0.907 30.70 

New Distribution transformer 45 MVA 40.41 at PF 0.907 38.39 

24kV Switchgear (PF 0.907)   
24kV Switchgear Incoming Feeder Simoprime 
A4 and NX Plus C 47.13 44.77 

24kV Switchgear Outgoing Feeder Simoprime 
A4 47.13 44.77 

24kV Switchgear Outgoing Feeder NX Plus C 23.75 22.56 

Cable and Transmission Line (PF 0.907)   
115kV Cable from 115kV GIS to Distribution 
transformer 240 sq.mm. 97.52 92.64 

24kV Cable from Distribution transformer to 
24kV Switchgear Incoming Feeder 2x240 
sq.mm. 

41.35 39.28 

24kV Cable from 24kV Switchgear Outgoing 
Feeder to Riser Pole 2x240 sq.mm. 27.17 25.81 

24kV Cable from Riser Pole to Customer 18.74 17.80 

 
Note:  Capacity of gas turbine generator and steam turbine generator shall be recommend by 
manufacturer. 

All MW capacity will increase or decrease depend on actual power factor. 
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Gas turbine system is limited capacity at reducing gear of gas turbine generator and steam turbine 
system is limited capacity at reducing gear of steam turbine generator. 
 
The maximum capacity of gross of power plant as following calculation. 

2 x Capacity of Reducing Gear Gas Turbine Generator (MW) + Capacity of Reducing Gear Steam 
Turbine Generator (MW)  

=  Gross Load of Power Plant (MW) 

2 x 53.58 + 40.77   =  147.93  (MW) 

Estimate in house load is 3.78 MW 
 
The net output of power plant as following calculation. 

Gross Load of Power Plant (MW) – In house load  =  Net Load of Power plant 

147.93 – 3.78  =  144.15 (MW) 

The remaining load for sell to Customer as following calculation. 

Net Output of Power plant – Sell to EGAT  =  Remaining Load for sell to Customer 
144.15 – 90   =  54.15 (MW) 
 

According conclusion of each equipment capacity, JERA-PET recommend operate electrical equipment 
at 95% capacity for safety factor and degradation. If PPTC would like increase sell electricity to 
industrial users more than 30.7 MW, the distribution transformer shall be replaced. After replace 
distribution transformer, the capacity of 24kV cable from Distribution transformer to 24kV Switchgear 
incoming feeder shall be suitable with new Distribution transformer. However, the effects after changed 
distribution transformer as following. 

- Foundation of transformer should be checked and modified 

- Relay protection setting of 115kV and 24kV switchgear will be changed and tested 

- Outgoing feeder for 24kV customer capacity limit at 24kV cable from riser pole to Customer 

is 17.8 MW at PF 0.907 and 95% capacity.  
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 CONTROL AND INSTRUMENT 

5.3.1 CONTROL AND SETTING 

JERA-PET would recommend to keep the control and setting value in the original design because the 
almost main equipment are remaining.  However, if the signal alarm detects unusual condition, the 
parameter would be re-checked and approved by the individual manufacturer. 

5.3.1.1 CONDENSER 

The condenser systems was protected by hot-well level, which the trip signal will directly to stop 
condensate extraction pump in case of hot-well level reach high-high set parameter. In addition, the 
turbine bypass control valve has permissive for protection condenser systems to checkup condenser is 
on the ready state, before service turbine bypass control valve. If system found bad process condition 
such as temperature high (165 oC) or pressure high (4.5 barg), the turbine bypass control valve will be 
interlock closed suddenly for protection condenser systems. 

6 COMMERCIAL 

JERA-PET simulates Owner’s financial model based on both received information from Owner and 
our reasonable assumptions. 

 ASSUMPTIONS 

6.1.1 ELECTRICITY TAFIFF 

Electrical tariff of this report will be divided into Peak and off Peak period and supplied for 
Industrial user “IU” customer around power plant and power purchase agreement “PPA” from EGAT. 

The electricity will be calculated to accordance with PPA supply to the 115kV transmission grid as 
90,000 kW for on peak period and 58.500 kW for off peak respectively. 

Peak: 9.00 a.m. – 10.00 p.m. every working day 
Off-Peak: 10.00 p.m. – 9.00 a.m. every working day and 0.00 a.m. – 0.00 pm for holiday. 
Electricity tariff  

Description Cost Unit 
Electricity cost on peak 4.1839 THB/kWh 
Electricity cost on off-peak 2.6037 THB/kWh 
Community rate  0.007 THB/kWh 
Ft -0.1532 THB/kWh 

  *Note Electricity rate as January 2021 

Capacity payment “CP”  =  CPt x BCt 
Where;  BCt =  Billing capacity   (kW/month) 
 CPt  =  Capacity payment each month (THB/kW) 

Description Cost Unit 
Capacity payment “CPt” 420 THB/kW 
Energy payment “EP”* 1.85 THB/kWh 
Fuel saving “FS” 0.36 THB/kWh 

  *Note EP cost have included of community rate(0.01 THB/kWh) 
  At NG price 232.6116 THB/MMBTU and exchange rate 34 THB/USD 
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6.1.2 STEAM SALE 

The power plant will be extracted low pressure steam from steam turbine for supply the customer around 
the area, a price per ton steam with steam price escalation 0.00% are descripted as follows. 
Steam sale 

Description IU Unit 
Low pressure steam (16 barg) 650 THB/Ton 

 

6.1.3 FUEL 

The natural gas were used as fuel for this power plant will be based on follows. 
Natural gas fuel price 

Description Cost Unit 
Natural gas fuel 232.6116 THB/MMBTU 

6.1.4 LTSA, OPERATION 

Long Term Service Agreement (LTSA), operation and maintenance cost will be calculated as the 
differential portion of present and upgrading. The cost are based on the Owner’s information as follows. 
LTSA, Operation and Maintenance cost 

Description Cost Unit 

LTSA different cost per 18.17 years 89,318,659.78 MTHB 

 - LTSA escalation rate 2.0 % 

Operation cost 
- Water/ Chemical consumed rate, 
excluded natural gas. 

0.02 THB/kWh 

 

6.1.5 INVESTMENT COST 

The investment cost will be divided into portion as follows.  

1. EIA study and revise cost 5,650,000 THB 
2. Calculation pile and foundation of distribution transformer 30,000 THB 
3. Modify foundation of distribution transformer 2 units 200,000 THB 
4. New distribution transformer 115/24kV ONAN/ONAF 40/45 MVA 2 Units 33,000,000 THB 
5. New 24kV Cable from Distribution transformer to 24kV Switchgear Incoming Feeder 

Simoprime A4 2x240 sq.mm. 500,000 THB 
6. Change parameter and test relay protection 24kV Incoming panel 4 units and 115kV feeder 2 

units 120,000 THB 
7. Engineering work consultant 500,000 THB 

Total for investment cost is 40,000,000 THB. 
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6.1.6 SUMMERY OF ASSUMPPTION 

The assumptions for commercial section will be specified as follows. 

1. Capacity payment “CPt”      420   THB/kW 

2. Energy payment “EP”*     1.85   THB/kWh 

3. Fuel saving “FS”     0.36   THB/kWh 

4. Electric sell price for on-peak IU supply   4.18   THB/kWh 

5. Electric sell price for off-peak IU supply   2.60   THB/kWh 

6. Demand charge      132.93  THB/kWh 

7. Ft       (-0.1532) THB/kWh 

8. Fx       34  THB/$ 

9. IU - On Peak      35  % 

10. IU - Off peak      61  % 

11. Average IU Discount     2.5  % 

12. Community rate , EGAT     0.01  THB/kWh 

13. Community rate, IU     0.007  THB/kWh 

14. Steam sell price for customer     650.00   THB/ton 

15. Fuel NG price       232.612  THB/MMBTU 

16. PPA for On peak      90,000.00  kWh 

17. PPA for off peak      58,500.00  kWh 

18. Availability       96   % 

19. EGAT - On peak      45   % 

20. EGAT - Off peak     51   % 

21. Fuel High heating value(dry)    990.4  BTU/SCF 

22. Operation cost      0.02   THB/kWh 

(Water/Chemical excluded natural gas) 

23. Investment cost       40  MTHB 

24. Differential of LTSA cost (18.17 years)    89  MTHB 

25. LTSA escalation rate     2  % 

 
Remark*  

1) EP cost have included of community rate (0.01 THB/kWh) 
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 LOAD PATTERN TO CUSTOMERS AFTER UPGRADING 

The load pattern were calculated with based on the degradation (2.5% of power output and 1.75% of 
heat rate) of the gas turbine upgrading units on site ambient temperature 34 oC. And gas turbine 
operating in the range of exhaust energy sufficient for generate steam 127,000 kg/h.  

Description Non-degradation Degradation Unit 

Expectation electric power output 127,031 123,643 kW 

 
After, the net power minus the electrical export to grid line the remaining will be as calculation follows. 

Net Load of Power Plant - Grid supply  =  Remaining for sell 

123.64 – 90  =  33.64  (MW) 

Remaining for sell – Maximum IU existing load  (Apr) = Expect for addition supply 

33.64 – 31.51  = 2.13  (MW) 

Since, the additional load supply is 2.13 MW combination with load pattern from PPTC in section 4, 
IUs load expectation for export to customer were shown as “50.5MW+Add = Sum” in the table. 

Expectation after upgrading IU load pattern On-Peak period 

Customer Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
50.5MW 29.78 29.51 30.69 31.51 30.92 27.69 28.96 27.43 30.90 29.63 28.44 26.37 
Add 2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13 
Sum 31.92  31.65 32.82  33.64  33.06  29.83  31.09  29.56  33.04  31.77  30.57  28.50  

 

The expectation of electricity supply after upgrading in off-peak period will be considered as 88 percent 
from the peak, based on the existing demand. 

Expect for addition supply (Peak) x 88%  = Expect for addition supply (off peak) 

2.13 x 0.88  = 1.87  (MW) 

Expectation after upgrading IU load pattern Off-Peak period 

Customer Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
50.5MW 26.19 28.28 27.53 23.56 25.73 27.08 26.62 27.26 24.74 25.83 26.26 21.49 
Add 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 
Sum 28.07  30.17  29.41  25.44  27.61  28.96  28.50  29.14  26.62  27.71  28.14  23.37  

*Note: The assumption ratio during the off-peak condition 88 percent were based on information on 2019.  

  



Feasibility for the bottoming cycle analysis for GT power upgrade 

41 
 

 ESTIMATED PROFIT  

The commercial section were calculate based on assumption as mention on section 6. The detail for 
calculation will be clarified on the ATTACHMENT13. And, the summery of the results will show in 
the table below.  

Month GT Model  GT Model  Upcoming Unit 50.5 MW 54 MW revenue 
January 90.70 92.41 1.71 MTHB 

February 86.88 88.39 1.51 MTHB 
March 92.23 93.56 1.33 MTHB 
April 89.15 90.14 0.98 MTHB 
May 91.60 92.71 1.11 MTHB 
June 88.29 89.63 1.34 MTHB 
July 90.50 91.79 1.30 MTHB 

August 89.76 91.20 1.44 MTHB 
September 89.15 90.45 1.30 MTHB 

October 90.54 91.83 1.29 MTHB 
November 88.35 89.82 1.48 MTHB 
December 85.71 87.49 1.78 MTHB 
Per year 1,072.85 1,089.42 16.57 MTHB 

The total loss revenue and the degradation of the 50.5 MW power plant operating, entire remaining 
operation period were calculated as 50.42 MTHB. The detail were break in each year as follows.   

Duration 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 
Revenue -0.85 -1.01 -1.18 -1.35 -1.52 -1.69 -1.85 -2.02 -2.20 -2.45 
Duration 2033 2034 2035 2036 2037 2038 2039 2040 2041 Total 
Revenue -2.99 -3.27 -3.54 -3.82 -4.10 -4.37 -4.65 -4.92 -0.94 -50.42 

In the high ambience site temperature as April, In 2019 PPTC has loss revenues to the EGAT around 
41.47 MWh or 0.08 MTHB. In considered of upcoming profit in yearly, the expectation earning will 
increase 16.57 MTHB per year. 

 PAYBACK PERIOD 

The payback period will be estimated for year by year, minus with investment cost and LTSA as 
follows. 
 
 Total investment cost 40,000,000 THB 
 LTSA increasing cost for 18.17 years duration 89,318,659.78 THB or 4,915,721.51 THB per 

year. 

Escalation rate were included in the calculation as 2.0%, and not considered in the 1st year of the 
calculation. 

Duration 1 2 3 4 Year 
Revenue 14,863,639 16,574,008 16,574,008 16,574,008  THB  
LTSA cost 4,498,222 5,014,036 5,114,317 5,216,603  THB  
Modify cost 40,000,000        THB  
Cash flow 10,365,417 11,559,972 11,459,691 11,357,405  THB 
Cumulative -29,634,583 -18,074,611 -6,614,920 4,742,484 THB 
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The expectation earning for upgrading program is 16.57 MTHB in each year, except in the first year 
due to the program is expected to complete on the February. In summary from the financial perspective, 
the investment will be payback within 4th year. 

 
7 CONCLUSION 

According the gas turbine information, the result were generated by the program as the assumption from 
the configuration in Section 4 and tuning according to actual plant conditions.  

Case1: The HRSG were assumed to generate steam as per manufacturer’s specification. The results 
show that the exhaust temperature at stack exiting are increase and HRSG efficiency decrease 
consequently, due to HRSG reach the limitation of capability. 

Case2: The HRSG were assumed to generate steam over limitation from manufacturer’s specification. 
In the 100% load gas turbine of upgrading model, the information show HRSG unit generate steam 
131,500 kg/h that were reached the limitation of equipment which is 127,280 kg/h for capability defied 
on name plate. And, steam turbine will also reach the limitation as 127,000 kg/h from specified HP 
steam inlet by consequences. 

In order to determine the increase in steam production, the equipment must be verified by the 
manufacturer (“BHI”) with a calculation and report cost approximately 6.5 MTHB, the price is not 
included any additional or replacement cost, and duration for study is 1 month as informed by BHI. 

Furthermore, as per information which we have on hand, the remaining lifespan of HRSG could be 
around 3 years from the last inspection 2019. And, after upgrading program the steam flow and velocity 
were expected to increase, the tube thickness lifespan might be shorter than expectation. Therefore, 
JERA-PET would recommend the optimum gas turbine load condition which operate in range of steam 
generation capacity 127,000 kg/h as design value to accordance with PPTC requirements. 

The overall plant output from gas turbine model 50.5MW and the upgrading model to 54MW were 
summarized as follows. 

 GAS TURBINE WITH OPTIMUM LOAD COMPARISON 

Gas turbine model SGT-800 50.5 MW SGT-800 54 MW (Upgrade) Unit 
Site temperature 19 32 40 19 32 40 

Net Heat Rate 
(HHV) 7,806 7,850 7,987 7,786 7,816 7,890 kJ/kWh 
Net Heat Rate 
(LHV) 7,045 7,085 7,209 7,028 7,054 7,121 kJ/kWh 
HRSG Efficiency 84 82 82 81 82 83 % 
CHP Efficiency 55.58 55.68 55.26 55.61 55.70 55.50 % 
Gross output 137,531 125,850 113,410 141,499 132,385 124,217 kWh 
Net output 134,076 122,710 110,378 137,565 128,735 120,424 kWh 
Gas turbine 49,720 44,454 39,245 51,637 47,315 43,492 kWh 
Steam turbine 38,092 36,943 34,920 38,226 37,755 37,233 kWh 
Fuel consumption 991.98 913.01 835.59 1,015.22 953.66 900.51 MMBTU/h 
HP Steam flow 127,500 125,700 120,600 127,000 127,000 127,000 kg/h 
LP Steam flow 26,840 22,900 20,510 25,780 22,730 19,420 kg/h 
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 GAS TURBINE WITH 100% LOAD COMPARISON 

Gas turbine model SGT-800 50MW SGT-800 54MW (Upgrade) Unit 
Site temperature 19 32 40 19 32 40 

Net Heat Rate 
(HHV) 7,806 7,850 7,987 7,769 7,802 7,904 kJ/kWh 
Net Heat Rate 
(LHV) 7,045 7,085 7,209 7,012 7,041 7,134 kJ/kWh 
HRSG Efficiency 84 82 82 82 82 83 % 
CHP Efficiency 55.58 55.68 55.26 55.64 55.72 55.37 % 
Gross output 137,531 125,850 113,410 144,483 134,778 124,701 kWh 
Net output 134,076 122,710 110,378 140,454 131,058 121,074 kWh 
Gas turbine 49,720 44,454 39,245 52,679 48,156 43,852 kWh 
Steam turbine 38,092 36,943 34,920 39,125 38,467 36,998 kWh 
Fuel consumption 991.98 913.01 835.59 1,034.25 969.16 907.03 MMBTU/h 
HP Steam flow 127,500 125,700 120,600 131,500 130,300 128,100 kg/h 
LP Steam flow 26,840 22,900 20,510 24,600 22,070 19,530 kg/h 

 GAS TURBINE WITH 75% LOAD COMPARISON 

Gas turbine model SGT-800 50.5 MW SGT-800 54 MW (Upgrade) Unit 
Site temperature 19 32 40 19 32 40 

Net Heat Rate 
(HHV) 8,210 8,282 8,456 8,120 8,171 8,316 kJ/kWh 
Net Heat Rate 
(LHV) 7,410 7,475 7,632 7,329 7,375 7,506 kJ/kWh 
HRSG Efficiency 83 84 84 83 84 84 % 
CHP Efficiency 53.95 53.97 53.51 54.45 54.48 53.97 % 
Gross output 109,469 100,191 90,326 111,731 104,308 97,043 kWh 
Net output 106,485 97,482 87,567 108,423 101,248 93,878 kWh 
Gas turbine 37,291 33,340 29,431 39,297 35,876 32,714 kWh 
Steam turbine 34,886 33,510 31,464 33,138 32,556 31,616 kWh 
Fuel consumption 828.62 765.26 701.81 834.43 784.16 739.99 MMBTU/h 
HP Steam flow 121,100 118,200 111,650 115,300 114,330 111,480 kg/h 
LP Steam flow 18,720 16,120 15,210 18,420 16,330 15,610 kg/h 

 GAS TURBINE WITH 50% LOAD COMPARISON 

Gas turbine model SGT-800 50.5 MW SGT-800 54 MW (Upgrade) Unit Site temperature 19 32 40 19 32 40 
Net Heat Rate 
(HHV) 8,979 9,082 9,312 8,893 9,127 9,163 kJ/kWh 
Net Heat Rate 
(LHV) 8,104 8,197 8,405 8,027 8,238 8,270 kJ/kWh 
HRSG Efficiency 84 84 84 84 83 84 % 
CHP Efficiency 51.28 51.32 50.81 51.66 50.69 51.14 % 
Gross output 78,566 71,947 65,366 80,087 76,124 69,861 kWh 
Net output 76,189 69,801 63,146 77,444 73,602 67,317 kWh 
Gas turbine 24,859 22,228 19,622 26,097 23,781 21,731 kWh 
Steam turbine 28,848 27,490 26,122 27,893 28,563 26,399 kWh 
Fuel consumption 648.38 600.82 557.32 652.80 636.72 584.63 MMBTU/h 
HP Steam flow 104,150 99,780 95,370 100,650 102,590 95,860 kg/h 
LP Steam flow 13,060 12,480 11,910 12,480 13,180 11,850 kg/h 
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JERA-PET would like to summarize the optimization load, operation in maximum condition which 
were calculated by simulate upgrading model (54MW) on site ambience temperature 32 oC, 65% 
relative humidity. The based assumption is to operate the power plant under the limitation from 
mechanical equipment such as HRSG and steam turbine for minimize the investment and operating 
cost. The result were summarized and show in the table as follows. (See ATTACHMENT11 HBD 
optimization case for details) 

Summary for JERA-PET recommendation operating load table 

System Recommend optimum 
operation for 54MW 

Limitation 

Gas turbine units 
 - Gas turbine 44.8 MW 54 MW 
 - Gas Turbine Generator 44.8 MW 52.78 MW 
 - Reducing Gear Gas Turbine 
Generator 

44.8 MW 50.90 MW 

 - Fuel gas compressor ≈ 21,000 kg/h 25,000 kg/h 
Steam turbine unit 
 - Steam turbine ≈ 127,000 kg/h 127,000 kg/h 
 - Steam Turbine Generator ≈ 37.6 MW 39.32 MW 
 - Reducing Gear Steam Turbine 
Generator 

≈ 37.6 MW 38.73 MW 

HRSG units   
 - HRSG ≈ HP 127,000 kg/h  

LP 22,000 kg/h 
HP steam 127,280 kg/h 
LP 21,080 kg/h 

 - Extraction steam ≈ 15,000 kg/h - 
 - De-superheater ≈ 1,300 kg/h < 3,000 kg/h 
BOP 
 - HP boiler feed pump ≈  64.5 m3/h 68 m3/h 
 - LP boiler feed pump ≈  26.45 m3/h 28 m3h 
 - Condensate extraction pump ≈  151 m3/h 210 m3/h 
Demineralization system ≈  21.52 m3/h 35 m3/h 
 - CCCW system ≈  792 m3/h 935 m3/h 
Transformer 
Gas turbine transformer 56 MVA 43.01 MW 50.41 MW 
Steam turbine transformer 46 
MVA 37.6 MW 42.82 MW 

Distribution transformer 36 MVA 33.64 MW 30.70 MW 
New Distribution transformer 45 
MVA 33.64 MW 38.39 MW 

24kV Switchgear (PF 0.907) 
24kV Switchgear Incoming Feeder 
Simoprime A4 and NX Plus C 

33.64 MW 44.77 MW 

Cable and Transmission Line (PF 0.907) 
24kV Cable from Distribution 
transformer to 24kV Switchgear 
Incoming Feeder Simoprime A4 
2x240 sq.mm. 

33.64 MW 39.28 MW 
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According table above, we recommend limitation of each equipment at 95% capacity and optimum 
operation including margin and degradation which simulate at ambient temperature 34 oC and power 
output degradation 2.5%. We found that the almost value in recommendation is in limitation exclude 
the Distribution transformer is 33.64 MW which exceed the limitation. We would like to recommend 
Owner that the electrical equipment will be replaced as follows. 

1. Replace Distribution transformer from 115/24kV ONAN/ONAF 29/36 MVA to 115/24kV 
ONAN/ONAF 40/45 MVA and the cost of replacement are clarify as follows. 

 Calculation pile and foundation of distribution transformer 30,000 THB 
 Modify foundation of distribution transformer 2 units 200,000 THB 
 New distribution transformer 115/24kV ONAN/ONAF 40/45 MVA 2 Units 33,000,000 THB 
 Engineering work consultant 500,000 THB 

2. Change 24kV cable from new Distribution transformer to 24kV switchgear incoming feeder 
Simoprime A4 2x240 sq.mm because the length of existing 24kV cable change due to location terminal 
box of new Distribution transformer is not same existing Distribution transformer. 

 New 24kV Cable from Distribution transformer to 24kV Switchgear Incoming Feeder 
Simoprime A4 2x240 sq.mm. 500,000 THB 

3. Protection relay of 24kV switchgear and 115kV switchgear shall be changed and test the parameter 
of setting value as follows. 

 Change parameter and test relay protection 24kV Incoming panel 4 units and 115kV feeder 2 
units 120,000 THB 

The estimated schedule for each distribution transformer replacement work were within 26 days without 
interrupted plant operations. As per ATTACHMENT8, the work schedule were detailed as follows. 

- Calculation pile and foundation for distribution transformer without shutdown 7 days 
- Shutdown each transformer separately for replacement 19 days 

 

In consideration with the financial perspective, JERA-PET have compared several alternatives of plant 
configuration, HRSG capability, the future electrical exportation plan and reliability of the power plant. 
The results of investment with base on assumptions as clarified on the report are follows. 

 
Description Value Unit 

Total revenue increment per year 16.57 MTHB 

Investment cost 40.00 MTHB 

LTSA additional cost (per year) +2% escalation 4.92 MTHB 

Payback period 4 Year 
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By the way, the upgrading program also contains some risk and clarifies as follows.  
 Loss of reliability during the distribution transformer replacement work around 19 days per 

each transformer, power plant shall be supplied electricity to customers by one transformer 
without standby transformer in case transformer breakdown. This means that there is a risk that 
the all customers will be lost in case transformer fail during replacement.  
 

 The limitation in regulating load on the gas turbine, which is impossible to control the exhaust 
gas at a certain value before it enters to the HRSG system. The exhaust gas energy is related to 
such variables as ambient temperature and electrical power output. Hence, the limitations of 
the electrical power supply were made to avoid this situation and the gas turbine will operate 
as specific power output, even in the base load performance test. 
 

 Another is the limitation on the reducing gear unit of gas turbine and steam turbine when 
operating in the low temperature site’s ambient condition. The reducing gear limitation were 
kept on 95% of equipment capacity, 50.90MW for gas turbines and 38.73MW for steam turbine, 
respectively. 

 ADDITIONAL OPTIONS 

As an option for consideration, JERA-PET would like to suggest other several alternatives of 
investment perspective. The additional options will be summarized and descripted as 4 cases as follows. 

Description 
Case 1 Case 2 Case 3 Case 4 

Unit 
50.5MW 54MW C1 54MW C2 50.5MW 

Evap 

Short fall -50,416,012 - -10,450,384 - THB 

Investment - -40,000,000 -40,000,000 -34,000,000 THB 

LTSA Diff/Year - -4,915,722 -4,915,722 - THB 

Maintenance/Year - - - -200,000 THB 
Add electricity sell  
to IUs 2.13 MW/Year - 16,574,008 16,574,008 - THB 
Gain total in 18.17th 
year -50,416,012 154,609,417 75,091,900 -37,600,000 THB 

 

Case1 50.5 MW loss revenue from EGAT’s shortfall 

- The power plant is in current condition without any upgrade or additional installation. Power 
plant will loss revenue totally 50.41 MTHB over 18.17 years from EGAT’s short fall and degradation 
of power plant. 

Case2 Upgrade gas turbine model 50.5MW to model 54MW on C1 

- The power plant is upgrade gas turbine model 50.5MW to model 54MW. The gas turbine 
upgrading program will not only compensate the electrical shortfall event, but also increase the power 
supply capacity in 2.13 MW. Therefore, in 18.17 years net profit from this program will be 
approximately 154.61 MTHB, payback period in 4 years. 

Case3 Upgrade gas turbine model 50.5MW to model 54MW on C2 

- The power plant remaining operate gas turbine model 50.5 MW for C1 to C2 period, and 
upgrade to model 54 MW on C2 period. The net profit in 18.17 years is 75.09 MTHB and payback 
period in 5 years, if loss revenue were included in configuration. 
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Case4 Evaporator installation for 50.5MW model 

- The power plant will be installed evaporator for compensate the shortfall and degradation of 
the power plant. However, the installation and maintenance will be the additional cost in total 37.6 
MTHB. 

In conclusion, based on the financial standpoint, the power plant revenues were compared after gas 
turbine upgrading and non-upgrading program from multiple perspectives. JERA-PET would like to 
recommend that upgrading gas turbine model 50.5MW to 54MW on C1 as “Case 2” is the best 
opportunity to increase the electrical power marketing supply to meet with customer demand. 

However, it is important to know that feasibility analysis has its limitations as well. Different analysts 
may get different results from the same information. Hence, we must conclude that feasibility analysis 
is only one of the tools while taking an investment decision. 
 

8 ATTACHMENT 

1. SIEMEN’S PROPOSAL FOR UPGRADING PROGRAM SGT-800 54MW 

2. FUEL GAS COMPRESSOR INFORMATION 

3. STEAM TUBINE INFORMATION 

4. TURBINE BY-PASS VALVE CAPACITY TEST REPORT 

5. HRSG INFORMATION 

6. HRSG TUBE THICKNESS INSPECTION TEST REPORT 

7. FEED WATER CONTROL VALVE INFORMATION 

8. CURRENT CARRYING CAPACITY VCB OF SIMOPRIME A4 AND NX PLUS C 

9. HEAT BALANCE DIAGRAM FOR SGT-800 50.5MW MODEL 

10. HEAT BALANCE DIAGRAM FOR SGT-800 54MW MODEL 

11. HEAT BALANCE DIAGRAM FOR OPTIMIZATION CASE 

12. TEACHNICAL INFORMATION AS LOAD PATTERN 

13. COMMERCIAL INFORMATION AS LOAD PATTERN 

14. DOCUMENT FOR ENVIRONMENTAL IMPACT ASSESSMENT REPORT 
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เอกสำรรับรองมำตรฐำน 
กำรออกแบบแผงเซลล์แสงอำทิตย ์
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APPENDIX – 4: Specification of Main Component 

PV Module 
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ภำคผนวก 2-4 

ค่ำสัดส่วนสมรรถนะของระบบผลิตไฟฟ้ำ 
จำกแผงเซลล์แสงอำทิตย์ 
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ภำคผนวก 2-5 

เอกสำรขอ้มูลควำมปลอดภัยเคมีภัณฑ์ (SDS) 
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1. การบ่งชีส้ารเดี่ยวหรือสารผสม และผู้ผลิตและ/หรือผู้จดัจาํหน่าย (Identification of the substance and of the supplier) 

ตัวบ่งชีผ้ลิตภณัฑ์ :  

หมายเลขผลิตภณัฑ์ : S-PF-LQ-004(023) 

ช่ือผลติภณัฑ์ : SODIUM  HYDROXIDE  50% 

การบ่งชีด้้วยวิธีอื่นๆ : CAS# : 1310-73-2  EC/ EINECS : 215-185-5   RTECS#: 011-002-00-6  

UN#: 1824  EC Annex 1 Index # : 011-002-00-6  

ข้อแนะนําในการใช้สารเคมีและข้อห้ามต่างๆ ในการใช้ : ห้ามสมัผสักบันํา้  ความชืน้  

 รายละเอียดผู้ผลิต :   

   บริษัท วทิย์คอร์ป โปรดกัส์ จํากดั  

   77/113  อาคารสนิสาธรทาวเวอร์ ชัน้ 27 ถนนกรุงธนบรีุ แขวงคลองต้นไทร 

   เขตคลองสาน กรุงเทพฯ   

   โทรศพัท์  : (02)440-0809 

   หมายเลขโทรศพัท์ฉกุเฉิน : (034)403-111 

 

2. การบ่งชีค้วามเป็นอันตราย (Hazards  Identification) 

การจาํแนกประเภทสารเดี่ยวหรือสารผสมตามระบบ GHS  

ความเป็นพิษเฉียบพลนั (ทางผิวหนงั)         ประเภทยอ่ย 4  

การกดักร่อน/การระคายเคืองตอ่ผิวหนงั       ประเภทยอ่ย 1  

การทําลายดวงตาอยา่งรุนแรง/การระคายเคืองตอ่ดวงตา       ประเภทยอ่ย 1  

ความเป็นพิษตอ่ระบบอวยัวะเป้าหมายอยา่งเฉพาะเจาะจงจากการรับสมัผสัครัง้เดียว  

(ระบบทางเดนิหายใจ)          ประเภทยอ่ย 1  

ความเป็นอนัตรายเฉียบพลนัตอ่สิง่แวดล้อมในนํา้      ประเภทยอ่ย 3  

 

องค์ประกอบของฉลาก:  

 

                                     
 คาํสัญญาณ      อนัตราย  

ข้อความแสดงความเป็นอนัตราย: 

เป็นอนัตรายเมือ่สมัผสัผิวหนงั  
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ทําให้ผิวหนงัไหม้อยา่งรุนแรงและทําลายดวงตา  

ทําอนัตรายตอ่ระบบทางเดนิหายใจ  

เป็นอนัตรายตอ่สิง่มชีีวติในนํา้  

ข้อความแสดงข้อควรระวัง  

หลกีเลีย่งการหายใจเอาฝุ่ นสารเข้าไป  

สวมถงุมอืป้องกนั/ชดุป้องกนั/อปุกรณ์ป้องกนัดวงตา/อปุกรณ์ป้องกนัหน้า  

จดัเก็บในพืน้ท่ีทีม่กีารระบายอากาศได้ดี  ปิดภาชนะบรรจใุห้แนน่  จดัเก็บในสถานท่ีทีปิ่ดลอ็กได้  

ถ้าหายใจเข้าไป  ให้ย้ายผู้ ป่วยไปยงัท่ีทีม่อีากาศบริสทุธ์ิ  และให้พกัผอ่นในลกัษณะท่ีหายใจได้สะดวก  

ถ้าสมัผสัผิวหนงั  ถอดเสือ้ผ้าท่ีปนเปือ้นทัง้หมดออกทนัที  ล้างด้วยสบูแ่ละนํา้ปริมาณมาก  ซกัเสือ้ผ้าท่ีปนเปือ้นสารให้

สะอาดก่อนนํากลบัมาใช้ใหม ่ 

หากเข้าตา  ล้างด้วยนํา้เป็นเวลาหลายๆนาที  ให้ถอดคอนแทคเลนส์ออก  หากถอดออกได้ง่าย  ให้ล้างตาตอ่ไป  ถ้ากลนืกิน 

ให้ล้างปาก  ห้ามทําให้อาเจียน  

หลกีเลี่ยงการร่ัวไหลสูส่ิ่งแวดล้อม  

ความเป็นอันตรายอื่นที่ไม่มีผลในการจาํแนกประเภท : ไมม่ี  

 

3. องค์ประกอบและข้อมูลเกี่ยวกับส่วนผสม (Composition/ Information on Ingredients) 

เอกลักษณ์ของสารเคมี :  

ช่ือทางเคมี : SODIUM  HYDROXIDE  

ช่ือสามญั : SODIUM  HYDROXIDE  

ช่ือพ้อง : Caustic soda ; Lewis-red devil lye; Soda lye ; Sodium hydrate; Sodium hydroxide (ACGIH:OSHA) ; 

White caustic  

สตูรโมเลกลุ : NaOH   มวลโมเลกลุ : 39.947 กรัม/โมล  

หมายเลข CAS : 1310-73-2  หมายเลข EC : 215-185-5  

สว่นประกอบสาํคญั 

Name CAS No. % by Weight 

Sodium  Hydroxide 1310-73-2 50 

Water 7732-18-5 50 

สิ่งเจือปนและสารปรุงแต่งให้เสถยีร : -  
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4. มาตรการปฐมพยาบาล (First  Aid Measures) 

การหายใจเข้าไป : ให้ย้ายผู้ ป่วยไปยงับริเวณที่มีอากาศบริสทุธ์ิ  หากหายใจไมส่ะดวกให้ใช้อปุกรณ์ช่วยหายใจ  นําสง่

แพทย์ทนัที  

การสัมผัสทางผิวหนัง : ถอดเสือ้ผ้าท่ีเปือ้นออกทนัที  ล้างออกด้วยนํา้ปริมาณมาก  

การสัมผัสทางดวงตา : ล้างด้วยนํา้ปริมาณมาก  ถอดคอนแทคเลนส์ออก  เปิดเปลอืกตาให้กว้าง  ให้นํา้ไหลผา่นอยา่งน้อย 

15 นาที  นําสง่แพทย์ทนัที  

การกลืนกิน : บ้วนปาก  ห้ามทําให้อาเจียน  นําสง่แพทย์ทนัที  

อาการ/ผลกระทบที่สาํคัญ :  

การหายใจ : ไอ  แสบคอ  หายใจถ่ี  

ผิวหนงั : ผิวหนงัแดง  แผลพพุอง  ผิวหนงัไหม้  

ตา : ตาแดง  ปวดตา  ทําให้แสบไหม้ตา  ตามวั  ทําให้ตาบอดได้  

การกลนืกิน : แสบปาก  คอและหน้าอก  ปวดท้อง  ท้องร่วง คลื่นไส้  อาเจียน  ออ่นเพลยี  ช็อกหรือหมดสติ  หรือเสยีชีวติ  

ข้อควรพิจารณาทางการแพทย์ที่ต้องทาํทันทีและการดูแลรักษาเฉพาะที่สาํคัญที่ควรดาํเนินการ : ตรวจสมรรถภาพ

การทํางานของปอด  เอกซเรย์ปอด  ตรวจตาและการมองเห็น  

 

5. มาตรการผจญเพลงิ (Fire Fighting Measures) 

สารดับเพลิงที่เหมาะสม : ใช้สารดบัเพลงิท่ีเหมาะสมกบัสภาวะรอบนท่ีเกิดเพลงิไหม้  

สารดับเพลิงที่ไม่เหมาะสม : นํา้ 

ความเป็นอันตรายเฉพาะที่เกิดขึน้จากสารเคมี : สารนีไ้มไ่หม้ แตเ่มื่อสมัผสันํา้หรือความชืน้จะทําให้เกิดความร้อนท่ีทาํ

ให้ลกุไหม้ได้  เมื่อเกิดเพลงิไหม้สารนีจ้ะให้ก๊าซที่เป็นพิษ  

อุปกรณ์ป้องกันพิเศษและข้อควรระวังสาํหรับนักผจญเพลิง :  

สวมชดุดบัเพลงิ สวมหน้ากากป้องกนัการหายใจชนิดมีถงัอากาศ  

ให้ฉีดนํา้เป็นละอองฝอยเพ่ือหลอ่เยน็ภาชนะบรรจ ุ ห้ามให้นํา้เข้าภาชนะเพราะจะเกิดปฏิกิริยารุนแรง  

 

6. มาตรการจัดการเม่ือมีการหกร่ัวไหลของสาร (Accidental Release Measures) 

ข้อควรระวังส่วนบุคคล :  

อพยพคนออกจากบริเวณท่ีสารหกรด  

เคลือ่นย้ายแหลง่กําเนิดไฟ  

ห้ามสมัผสัสารเคมีโดยตรง  ห้ามสดูดมเอาฝุ่ นเข้าไป  

ห้ามการกระทําท่ีทําให้เกิดความร้อน/ประกายไฟ  

อุปกรณ์ป้องกันภยัส่วนบุคคล : สวมหน้ากากป้องกนัการหายใจชนิดมีถงัอากาศ  รองเท้าบทู และถงุมอืยางแบบหนา  
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ข้อควรระวังด้านสิ่งแวดล้อม : ห้ามให้สารปนเปือ้นสิง่แวดล้อม  

วิธีการและวัสดุสาํหรับกักเก็บและทาํความสะอาด :  

สวมชดุป้องกนัสารเคมีรวมทัง้หน้ากากป้องกนัการหายใจชนิดมีถงัอากาศ  

กวาดเก็บสารแล้วใสใ่นภาชนะพลาสติก ปิดให้แนน่ ระบายอากาศในบริเวณนัน้และล้างทําความสะอาดบริเวณที่สารหก

ร่ัวไหลหลงัจากเก็บสารออกหมดแล้ว  

 

7. การขนถ่าย เคลื่อนย้าย ใช้งานและเก็บรักษา (Handling and Storage) 

ข้อควรระวงัในการขนถ่าย เคลื่อนย้าย ใช้งานอย่างปลอดภยั :  

หลกีเลีย่งการสมัผสักบัสาร  

ให้ใช้สารในบริเวณที่มีการระบายอากาศที่เพียงพอ  

หลกีเลีย่งการก่อให้เกิดการแพร่กระจายของฝุ่ น  

ป้องกนัการเกิดไฟฟ้าสถิต  

ห้ามเติมนํา้ลงสารนี ้ แตใ่ห้เตมิสารนีล้งในนํา้เสมอ  

สภาวะการเก็บรักษาอย่างปลอดภยั:  

ปิดภาชนะให้สนิท  เก็บในบริเวณท่ีระบายอากาศได้ดี  เก็บในท่ีแห้งและเย็น  

จดัเก็บแยกออกจากความชืน้  นํา้และวสัดท่ีุเข้ากนัไมไ่ด้  

 

8. การควบคุมการสัมผัสและการป้องกันส่วนบุคคล (Exposure  Controls/ Personal Protection) 

ค่าต่างๆที่ใช้ควบคุมการรับสัมผัส:  

IDLH: 10 mg/m3   (NIOSH 2005)  

REL-Ceilling : 2 mg/m3  (NIOSH 2005)  

PEL-TWA: 2 mg/m3  (OSHA 2006 )  

TLV- Ceilling : 2 mg/m3  (ACGIH 2010)  

การควบคุมทางวศิวกรรมที่เหมาะสม :  

ปิดกระบวนการผลติเพ่ือป้องกนัการฟุ้ งกระจายของฝุ่ น  

จดัให้มีการระบายอากาศท่ีเพียงพอ  

จดัให้มีท่ีดดูอากาศเฉพาะท่ี  

อุปกรณ์ป้องกันภยัส่วนบุคคล :  

การป้องกนัระบบหายใจ : สวมหน้ากากป้องกนัฝุ่ น  ท่ีได้รับการรับรองมาตรฐานผลติภณัฑ์อตุสาหกรรม มอก. 2199-2547  

การป้องกนัตา : แวน่ตานิรภยัหรือแวน่ครอบตาหรือกระบงัหน้า  

การป้องกนัมอื : ถงุมือยาง  

ข้อควรปฏิบัติ : เปลีย่นเสือ้ผ้าท่ีเปือ้นสารเคมี  
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ล้างมอืหลงัการทํางานกบัสาร กอ่นกินอาหาร หรือสบูบหุร่ี  

ห้ามกินอาหาร ดืม่หรือสบูหุร่ีในบริเวณทํางาน  

 

9. สมบัติทางกายภาพและทางเคมี (Physical and Chemical Properties) 

1. ลักษณะทั่วไป:  ของเหลว  

2. กลิ่น : ไมม่ขี้อมลู  

3. ค่าขดีจาํกัดของกล่ินที่ได้รับ : ไมม่ขี้อมลู  

4. ค่าความเป็นกรดด่าง : 13 - 14  

5. จุดหลอมเหลว/จุดเยอืกแขง็ : ไมม่ขี้อมลู 

6. จุดเดือดเร่ิมต้นและช่วงของการเดือด : 1,388  o C 

7. จุดวาบไฟ : ไมม่ขี้อมลู  

8. อตัราการระเหย : ไมม่ขี้อมลู  

9. ความสามารถในการลุกติดไฟได้ของของแข็งและก๊าซ : ไมม่ข้ีอมลู  

10. ค่าขดีจาํกัดสูงสุดและตํ่าสุดของความไวไฟ หรือค่าขีดจาํกัดสูงสุดและตํ่าสุดของการระเบิด (%, v/v):  

ขีดลา่ง : ไมม่ขี้อมลู  ขีดบน : ไมม่ข้ีอมลู  

11. ความดันไอ :  ไมม่ขี้อมลู 

12. ความหนาแน่นไอ (อากาศ = 1) : ไมม่ขี้อมลู 

13. ความหนาแน่นสัมพัทธ์ (นํา้ = 1) : 1.52  

14. ความสามารถในการละลายได้ : ในนํา้: ในนํา้: ผสมเป็นเนือ้เดียวกนั  

15. ค่าสัมประสิทธ์ิการละลายของสารในชัน้ของ n-octanol ต่อนํา้ (Log Kow): ไมม่ข้ีอมลู  

16. อุณหภมิูที่ลุกติดไฟได้เอง : ไมม่ขี้อมลู  

17. อุณหภมิูของการสลายตัว : ไมม่ขี้อมลู  

18. ความหนืด: ไมม่ขี้อมลู 

  

10. ความเสถยีรและการเกิดปฎิริยา (Stability and Reactivity) 

การเกิดปฏิกิริยา: ทําปฏิกิริยากบักรดแก่ (Hydrochloric , Sulfuric, Nitric) นํา้และความชืน้  ทําให้เกิดความร้อน ทํา

ปฏิกิริยากบัโลหะ ( Aluminum, Lead, Tin, Zinc ) ทําให้เกิดก๊าซไฮโดรเจนท่ีไวไฟและระเบิดได้ ทําปฏิกิริยากบั Ammonium 

salts ทําให้เกิด Ammonia ซึง่ทําให้เกิดอนัตรายจากเพลงิไหม้  

ความเสถยีรทางเคมี : เสถียรภายใต้การใช้ในอณุหภมูิปกติ  

ความเป็นไปได้ในการเกิดปฏิกิริยาอันตราย : ไมม่ข้ีอมลู  

สภาวะที่ควรหลีกเลี่ยง : ความร้อน  ความชืน้  

วัสดุที่เข้ากันไม่ได้ : นํา้ สารออกซไิดซ์อยา่งแรง  สารออกานิกส์  เหลก็  ทองแดง  พลาสตกิ  ยาง  Ammonia,  
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Chlorinated Solvents  

ผลิตภณัฑ์จากการสลายตัวที่เป็นอันตราย : โซเดียม/โซเดียมออกไซด์  

 

11. ข้อมูลด้านพิษวิทยา (Toxicological Information) 

การหายใจเข้าไป : ระคายเคืองจมกู  คอ  และปอด  ทําให้ไอ  แสบคอ  หายใจถ่ี  หายใจลาํบาก  

ผิวหนัง : กดักร่อนผิวหนงั  ผิวหนงัเป็นผ่ืนแดง  ผิวหนงัไหม้  

ตา : กดักร่อนดวงตา  ตาแดง  ตามวั  ตาไหม้  และตาบอดได้  

การกลืนกิน : แสบคอและหน้าอก  ปวดท้อง   ท้องร่วง   คลื่นไส้   อาเจียน  ออ่นเพลยี  ช็อกหรือหมดสติ  หรือเสยีชีวติ  

อาการที่ปรากฏ: รู้สกึแสบร้อน ไอ  หายใจมีเสยีง  หลอดลมตอนบนอกัเสบ  หายใจถ่ี  ปวดหวัคลืน่ไส้ และอาเจียน  

ผลกระทบเฉียบพลัน: กดักร่อนผิวหนงั  ดวงตาและทางเดินหายใจ  กดักร่อนเมื่อกลนืกิน  ทําให้ปอดบวม  หายใจลาํบาก  

ผลกระทบเรือ้รัง : ทําให้ผิวหนงัอกัเสบ  ทําให้หลอดลมอกัเสบ  ทําลายปอดอยา่งถาวร  

ค่าประมาณการความเป็นพิษเฉียบพลัน :  

ความเป็นพิษเฉียบพลนัทางผิวหนงัของกระตา่ย :  LD50 (Dermal, Rabbit): 1350 มิลลกิรัม/ กิโลกรัม  

 

12. ข้อมูลด้านนิเวศวทิยา (Ecological Information) 

ความเป็นพิษต่อระบบนิเวศน์:  

ความเป็นพิษตอ่ปลา: Oncorhynchus mykiss (Rainbow trout)   LC50 : 45.4 มิลลกิรัม/ ลติร/ 96 ชั่วโมง  

ความเป็นพิษตอ่ Crustacea (Ceriodaphnia)     EC50 : 40.38 มิลลกิรัม/ ลติร / 48 ชั่วโมง  

การตกค้างยาวนาน และความสามารถในการย่อยสลายทางชวีภาพ : ยอ่ยสลายทางชีวภาพได้อยา่งรวดเร็ว  

ศักยภาพในการสะสมทางชีวภาพ : ไมส่ะสมทางชีวภาพ  

การเคลื่อนย้ายในดิน : ไมม่ขี้อมลู  

ผลกระทบในทางเสียหายอื่นๆ : ไมม่ขี้อมลู  

 

13. ข้อพิจารณาในการกาํจัด (Disposal Considerations) 

การกาํจดัสาร : ให้ปฏิบตัิตามกฎหมายและข้อกําหนดของท้องถ่ิน ติดตอ่บริษัท รับกําจดัของเสยีท่ีได้รับอนญุาต  

บรรจุภณัฑ์ : ให้กําจดัตามระเบียบราชการ หีบหอ่ท่ีปนเปือ้นสารเคมใีห้จดัการเชน่เดยีวกบัตวัสารเคมี  

 

14. ข้อมูลเกี่ยวกับการขนส่ง (Transport  Information) 

หมายเลขสหประชาชาติ (UN number) : 1824  

ชื่อที่ถกูต้องในการขนส่งของสหประชาชาติ: SODIUM HYDROXIDE ,LIQUID 

ประเภทความเป็นอันตรายสาํหรับการขนส่ง : 8  

กลุ่มการบรรจุ (ถ้ามี) : II  
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มลภาวะทางทะเล: ไมม่ี  

การขนส่งด้วยภาชนะขนาดใหญ่: IBC08  

ข้อควรระวงัพเิศษ : ไมม่ขี้อมลู  

  

15. ข้อมูลเกี่ยวกับกฎข้อบังคับ (Regulatory  Information) 

กฎข้อบังคับของประเทศไทย  

พระราชบญัญตัวิตัถอุนัตราย พ.ศ. 2535ประเภทวตัถอุนัตราย: ชนิดท่ี 1 (วตัถอุนัตรายท่ีการผลติ การนําเข้า การสง่ออก หรือ

การมีไว้ในครอบครองต้องปฏิบตัติามหลกัเกณฑ์และวธีิการท่ีกําหนดด้วย) บญัชี ก (กรมโรงงานอตุสาหกรรม กรมประมง )  

ประกาศกรมสวสัดิการและคุ้มครองแรงงานเร่ืองกําหนดชนิดและประเภทสารเคมี พ.ศ. 2535 ลาํดบัท่ี 1393  

การติดฉลากตามระเบียบ EC  

สญัลกัษณ์ : C กดักร่อน  

ข้อความบอกความเสีย่ง :  

R35 ทําให้เกิดแผลไหม้อยา่งรุนแรง  

ข้อความบอกมาตรการความปลอดภยั :  

S1/2 เก็บโดยปิดลอ็ค  และให้พ้นมือเด็ก  

S26 เมื่อเข้าตาให้ล้างทนัทีด้วยนํา้ปริมาณมากและไปพบแพทย์  

S37/39 สวมถงุมือ  และแวน่ตา/หน้ากากท่ีเหมาะสม  

S45 ในกรณีเกิดอบุตัเิหตหุรือรู้สกึไมส่บายให้พบแพทย์ทนัที (แสดงฉลากสารเคมีแก่แพทย์ถ้าม)ี  

NFPA Code :  H3;F0;R1  

 

16. ข้อมูลอื่นๆ (Other  Information) 

วนัท่ีจดัทําเอกสารข้อมลูความปลอดภยั: 15 พฤศจิกายน  2555 

แหลง่ข้อมลูและเอกสารท่ีใช้ทําเอกสารข้อมลูความปลอดภยั  

1. European chemical Substances Information System (ECB): ESIS, Annex VI  

http://ecb.jrc.ec.europa.eu/esis/  

http://ecb.jrc.ec.europa.eu/classification-labelling/clp/ghs/search.php  

2. The National Institute for Occupational Safety and Health(NIOSH):NIOSH Pocket Guide to Chemical Hazards  

http://www.cdc.gov/niosh/npg/npgdcas.html  

3. International Programme on Chemical Safety (IPCS): Chemical Safety Information from Intergovernmental 

Organizations (INCHEM)  

http://www.inchem.org/  

4. United Stated National Library of Medicine: ChemIDplus Lite (ID PLUS)  
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http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?CHEM  

5. Occupational Safety & Health Administration (OSHA)  

http://www.osha.gov/dts/chemicalsampling/toc/chmcas.html  

6. United Nations Environmental Programme (UNEP)  

http://webnet3.oecd.org/eChemPortal/Results2.aspx?SubstanceId=64116&ParticipantName=SIDS%20

UNEP  

7. New Jersey Department of Health (DOH)  

http://web.doh.state.nj.us/rtkhsfs/qrsearch.aspx.  

8. Environmental Risk Management Authority: HSNO Chemical Classification Information Database (CCID)  

http://www.ermanz.govt.nz/Chemicals/ChemicalSearch.aspx  

9. International Uniform ChemicaL Information Database (IUCLID)  

http://ecb.jrc.ec.europa.eu/esis/index.php?PGM=dat  

10. United Nations Recommendations on the Transport of Dangerous Goods (UNRTDG)  

http://www.unece.org/trans/danger/publi/unrec/rev14/English/05E_Index.pdf  

11. Threshold Limit Values for Chemical Substances and Physical Agents & Biological Exposure Indices 2010 

(American Conference of Governmental Industrial Hygienists; ACGIH)  

12. CRC Handbook of Chemistry and Physics 91st edition 2010-2011  
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Material Safety Data Sheet
Hydrochloric acid MSDS

Section 1: Chemical Product and Company Identification

Product Name: Hydrochloric acid

Catalog Codes: SLH1462, SLH3154

CAS#: Mixture.

RTECS: MW4025000

TSCA: TSCA 8(b) inventory: Hydrochloric acid

CI#: Not applicable.

Synonym:   Hydrochloric Acid; Muriatic Acid

Chemical Name: Not applicable.

Chemical Formula: Not applicable.

Contact Information:

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

Order Online: ScienceLab.com

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

International CHEMTREC, call: 1-703-527-3887

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight

Hydrogen chloride 7647-01-0 20-38

Water 7732-18-5 62-80

Toxicological Data on Ingredients: Hydrogen chloride: GAS (LC50): Acute: 4701 ppm 0.5 hours [Rat].

Section 3: Hazards Identification

Potential Acute Health Effects:
Very hazardous in case of skin contact (corrosive, irritant, permeator), of eye contact (irritant, corrosive), of ingestion, . Slightly
hazardous in case of inhalation (lung sensitizer). Non-corrosive for lungs. Liquid or spray mist may produce tissue damage
particularly on mucous membranes of eyes, mouth and respiratory tract. Skin contact may produce burns. Inhalation of the
spray mist may produce severe irritation of respiratory tract, characterized by coughing, choking, or shortness of breath.
Severe over-exposure can result in death. Inflammation of the eye is characterized by redness, watering, and itching. Skin
inflammation is characterized by itching, scaling, reddening, or, occasionally, blistering.

Potential Chronic Health Effects:
Slightly hazardous in case of skin contact (sensitizer). CARCINOGENIC EFFECTS: Classified 3 (Not classifiable for
human.) by IARC [Hydrochloric acid]. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to kidneys, liver, mucous membranes, upper
respiratory tract, skin, eyes, Circulatory System, teeth. Repeated or prolonged exposure to the substance can produce target

http://www.sciencelab.com/
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organs damage. Repeated or prolonged contact with spray mist may produce chronic eye irritation and severe skin irritation.
Repeated or prolonged exposure to spray mist may produce respiratory tract irritation leading to frequent attacks of bronchial
infection. Repeated exposure to a highly toxic material may produce general deterioration of health by an accumulation in one
or many human organs.

Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.

Skin Contact:
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention immediately.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.

Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention immediately.

Serious Inhalation:
Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.

Ingestion:
If swallowed, do not induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an
unconscious person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention immediately.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: of metals

Explosion Hazards in Presence of Various Substances: Non-explosive in presence of open flames and sparks, of shocks.

Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards:
Non combustible. Calcium carbide reacts with hydrogen chloride gas with incandescence. Uranium phosphide reacts with
hydrochloric acid to release spontaneously flammable phosphine. Rubidium acetylene carbides burns with slightly warm
hydrochloric acid. Lithium silicide in contact with hydrogen chloride becomes incandescent. When dilute hydrochloric acid is
used, gas spontaneously flammable in air is evolved. Magnesium boride treated with concentrated hydrochloric acid produces
spontaneously flammble gas. Cesium acetylene carbide burns hydrogen chloride gas. Cesium carbide ignites in contact with
hydrochloric acid unless acid is dilute. Reacts with most metals to produce flammable Hydrodgen gas.

Special Remarks on Explosion Hazards:
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Hydrogen chloride in contact with the following can cause an explosion, ignition on contact, or other violent/vigorous reaction:
Acetic anhydride AgClO + CCl4 Alcohols + hydrogen cyanide, Aluminum Aluminum-titanium alloys (with HCl vapor), 2-Amino
ethanol, Ammonium hydroxide, Calcium carbide Ca3P2 Chlorine + dinitroanilines (evolves gas), Chlorosulfonic acid Cesium
carbide Cesium acetylene carbide, 1,1-Difluoroethylene Ethylene diamine Ethylene imine, Fluorine, HClO4 Hexalithium
disilicide H2SO4 Metal acetylides or carbides, Magnesium boride, Mercuric sulfate, Oleum, Potassium permanganate,
beta-Propiolactone Propylene oxide Rubidium carbide, Rubidium, acetylene carbide Sodium (with aqueous HCl), Sodium
hydroxide Sodium tetraselenium, Sulfonic acid, Tetraselenium tetranitride, U3P4 , Vinyl acetate. Silver perchlorate with carbon
tetrachloride in the presence of hydrochloric acid produces trichloromethyl perchlorate which detonates at 40 deg. C.

Section 6: Accidental Release Measures

Small Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container. If
necessary: Neutralize the residue with a dilute solution of sodium carbonate.

Large Spill:
Corrosive liquid. Poisonous liquid. Stop leak if without risk. Absorb with DRY earth, sand or other non-combustible material.
Do not get water inside container. Do not touch spilled material. Use water spray curtain to divert vapor drift. Use water spray
to reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance on disposal.
Neutralize the residue with a dilute solution of sodium carbonate. Be careful that the product is not present at a concentration
level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage

Precautions:
Keep locked up.. Keep container dry. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Never add water to this product.
In case of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show
the container or the label. Avoid contact with skin and eyes. Keep away from incompatibles such as oxidizing agents, organic
materials, metals, alkalis, moisture. May corrode metallic surfaces. Store in a metallic or coated fiberboard drum using a strong
polyethylene inner package.

Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective
threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.

Personal Protection:
Face shield. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves. Boots.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits:
CEIL: 5 (ppm) from OSHA (PEL) [United States] CEIL: 7 (mg/m3) from OSHA (PEL) [United States] CEIL: 5 from NIOSH
CEIL: 7 (mg/m3) from NIOSH TWA: 1 STEL: 5 (ppm) [United Kingdom (UK)] TWA: 2 STEL: 8 (mg/m3) [United Kingdom
(UK)]Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties

Physical state and appearance: Liquid.
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Odor: Pungent. Irritating (Strong.)

Taste: Not available.

Molecular Weight: Not applicable.

Color: Colorless to light yellow.

pH (1% soln/water): Acidic.

Boiling Point:
108.58 C @ 760 mm Hg (for 20.22% HCl in water) 83 C @ 760 mm Hg (for 31% HCl in water) 50.5 C (for 37% HCl in water)

Melting Point:
-62.25°C (-80°F) (20.69% HCl in water) -46.2 C (31.24% HCl in water) -25.4 C (39.17% HCl in water)

Critical Temperature: Not available.

Specific Gravity:
1.1- 1.19 (Water = 1) 1.10 (20%and 22% HCl solutions) 1.12 (24% HCl solution) 1.15 (29.57% HCl solution) 1.16 (32% HCl
solution) 1.19 (37% and 38%HCl solutions)

Vapor Pressure: 16 kPa (@ 20°C) average

Vapor Density: 1.267 (Air = 1)

Volatility: Not available.

Odor Threshold: 0.25 to 10 ppm

Water/Oil Dist. Coeff.: Not available.

Ionicity (in Water): Not available.

Dispersion Properties: See solubility in water, diethyl ether.

Solubility: Soluble in cold water, hot water, diethyl ether.

Section 10: Stability and Reactivity Data

Stability: The product is stable.

Instability Temperature: Not available.

Conditions of Instability: Incompatible materials, water

Incompatibility with various substances:
Highly reactive with metals. Reactive with oxidizing agents, organic materials, alkalis, water.

Corrosivity:
Extremely corrosive in presence of aluminum, of copper, of stainless steel(304), of stainless steel(316). Non-corrosive in
presence of glass.

Special Remarks on Reactivity:
Reacts with water especially when water is added to the product. Absorption of gaseous hydrogen chloride on mercuric
sulfate becomes violent @ 125 deg. C. Sodium reacts very violently with gaseous hydrogen chloride. Calcium phosphide
and hydrochloric acid undergo very energetic reaction. It reacts with oxidizers releasing chlorine gas. Incompatible with,
alkali metals, carbides, borides, metal oxides, vinyl acetate, acetylides, sulphides, phosphides, cyanides, carbonates. Reacts
with most metals to produce flammable Hydrogen gas. Reacts violently (moderate reaction with heat of evolution) with
water especially when water is added to the product. Isolate hydrogen chloride from heat, direct sunlight, alkalies (reacts
vigorously), organic materials, and oxidizers (especially nitric acid and chlorates), amines, metals, copper and alloys (e.g.
brass), hydroxides, zinc (galvanized materials), lithium silicide (incandescence), sulfuric acid(increase in temperature and
pressure) Hydrogen chloride gas is emitted when this product is in contact with sulfuric acid. Adsorption of Hydrochloric Acid
onto silicon dioxide results in exothmeric reaction. Hydrogen chloride causes aldehydes and epoxides to violently polymerize.
Hydrogen chloride or Hydrochloric Acid in contact with the folloiwng can cause explosion or ignition on contact or

Special Remarks on Corrosivity:
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Highly corrosive. Incompatible with copper and copper alloys. It attacks nearly all metals (mercury, gold, platinium, tantalum,
silver, and certain alloys are exceptions). It is one of the most corrosive of the nonoxidizing acids in contact with copper alloys.
No corrosivity data on zinc, steel. Severe Corrosive effect on brass and bronze

Polymerization: Will not occur.

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation.

Toxicity to Animals:
Acute oral toxicity (LD50): 900 mg/kg [Rabbit]. Acute toxicity of the vapor (LC50): 1108 ppm, 1 hours [Mouse]. Acute toxicity of
the vapor (LC50): 3124 ppm, 1 hours [Rat].

Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified 3 (Not classifiable for human.) by IARC [Hydrochloric acid]. May cause damage to the
following organs: kidneys, liver, mucous membranes, upper respiratory tract, skin, eyes, Circulatory System, teeth.

Other Toxic Effects on Humans:
Very hazardous in case of skin contact (corrosive, irritant, permeator), of ingestion, . Hazardous in case of eye contact
(corrosive), of inhalation (lung corrosive).

Special Remarks on Toxicity to Animals:
Lowest Published Lethal Doses (LDL/LCL) LDL [Man] -Route: Oral; 2857 ug/kg LCL [Human] - Route: Inhalation; Dose: 1300
ppm/30M LCL [Rabbit] - Route: Inhalation; Dose: 4413 ppm/30M

Special Remarks on Chronic Effects on Humans:
May cause adverse reproductive effects (fetoxicity). May affect genetic material.

Special Remarks on other Toxic Effects on Humans:
Acute Potential Health Effects: Skin: Corrosive. Causes severe skin irritation and burns. Eyes: Corrosive. Causes severe
eye irritation/conjuntivitis, burns, corneal necrosis. Inhalation: May be fatal if inhaled. Material is extremely destructive to
tissue of the mucous membranes and upper respiratory tract. Inhalation of hydrochloric acid fumes produces nose, throat,
and larryngeal burning, and irritation, pain and inflammation, coughing, sneezing, choking sensation, hoarseness, laryngeal
spasms, upper respiratory tract edema, chest pains, as well has headache, and palpitations. Inhalation of high concentrations
can result in corrosive burns, necrosis of bronchial epithelium, constriction of the larynx and bronchi, nasospetal perforation,
glottal closure,  occur, particularly if exposure is prolonged. May affect the liver. Ingestion: May be fatal if swallowed. Causes
irritation and burning, ulceration, or perforation of the gastrointestinal tract and resultant peritonitis, gastric hemorrhage and
infection. Can also cause nausea, vomitting (with "coffee ground" emesis), diarrhea, thirst, difficulty swallowing, salivation,
chills, fever, uneasiness, shock, strictures and stenosis (esophogeal, gastric, pyloric). May affect behavior (excitement), the
cardiovascular system (weak rapid pulse, tachycardia), respiration (shallow respiration), and urinary system (kidneys- renal
failure, nephritis). Acute exposure via inhalation or ingestion can also cause erosion of tooth enamel. Chronic Potential Health
Effects: dyspnea, bronchitis. Chemical pneumonitis and pulmonary edema can also

Section 12: Ecological Information

Ecotoxicity: Not available.

BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:
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Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information

DOT Classification: Class 8: Corrosive material

Identification: : Hydrochloric acid, solution UNNA: 1789 PG: II

Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information

Federal and State Regulations:
Connecticut hazardous material survey.: Hydrochloric acid Illinois toxic substances disclosure to employee act: Hydrochloric
acid Illinois chemical safety act: Hydrochloric acid New York release reporting list: Hydrochloric acid Rhode Island RTK
hazardous substances: Hydrochloric acid Pennsylvania RTK: Hydrochloric acid Minnesota: Hydrochloric acid Massachusetts
RTK: Hydrochloric acid Massachusetts spill list: Hydrochloric acid New Jersey: Hydrochloric acid New Jersey spill list:
Hydrochloric acid Louisiana RTK reporting list: Hydrochloric acid Louisiana spill reporting: Hydrochloric acid California
Director's List of Hazardous Substances: Hydrochloric acid TSCA 8(b) inventory: Hydrochloric acid TSCA 4(a) proposed test
rules: Hydrochloric acid SARA 302/304/311/312 extremely hazardous substances: Hydrochloric acid SARA 313 toxic chemical
notification and release reporting: Hydrochloric acid CERCLA: Hazardous substances.: Hydrochloric acid: 5000 lbs. (2268 kg)

Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances.

Other Classifications:

WHMIS (Canada):
CLASS D-2A: Material causing other toxic effects (VERY TOXIC). CLASS E: Corrosive liquid.

DSCL (EEC):
R34- Causes burns. R37- Irritating to respiratory system. S26- In case of contact with eyes, rinse immediately with plenty of
water and seek medical advice. S45- In case of accident or if you feel unwell, seek medical advice immediately (show the label
where possible).

HMIS (U.S.A.):

Health Hazard: 3

Fire Hazard: 0

Reactivity: 1

Personal Protection:

National Fire Protection Association (U.S.A.):

Health: 3

Flammability: 0

Reactivity: 1

Specific hazard:

Protective Equipment:
Gloves. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Face shield.

Section 16: Other Information
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References:
-Hawley, G.G.. The Condensed Chemical Dictionary, 11e ed., New York N.Y., Van Nostrand Reinold, 1987. -SAX, N.I.
Dangerous Properties of Indutrial Materials. Toronto, Van Nostrand Reinold, 6e ed. 1984. -The Sigma-Aldrich Library of
Chemical Safety Data, Edition II. -Guide de la loi et du règlement sur le transport des marchandises dangeureuses au canada.
Centre de conformité internatinal Ltée. 1986.

Other Special Considerations: Not available.

Created: 10/09/2005 05:45 PM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.



 

 

 

 

 

 

 

Sodium Metabisulfite 

 
 

 

 

 

 

 

 

 

 

 

 



Safety Data Sheet

1. IDENTIFICATION OF THE MATERIAL AND SUPPLIER

Product Name: SODIUM METABISULPHITE (ALL GRADES)

Other name(s): Sodium metabisulfite;  Sodium pyrosulphite;  Disodium pyrosulphite;  SMB powder;  Grape
guards;  Sodium disulphite; AASOD33500;  Birlasulf;  Disodium disulfite.

Recommended Use of the Chemical
and Restrictions on Use

Preservative for foods;  antioxidant.

Supplier: Ixom Operations Pty Ltd
ABN: 51 600 546 512
Street Address: Level 8, 1 Nicholson Street

East Melbourne  Victoria  3002
Australia

Telephone Number: +61 3 9906 3000
Emergency Telephone: 1 800 033 111 (ALL HOURS)

Please ensure you refer to the limitations of this Safety Data Sheet as set out in the "Other Information" section at the end of this Data Sheet.

2. HAZARDS IDENTIFICATION

Not classified as Dangerous Goods by the criteria of the Australian Dangerous Goods Code (ADG Code) for transport
by Road and Rail;  NON-DANGEROUS GOODS.

This material is hazardous according to Safe Work Australia;  HAZARDOUS CHEMICAL.

Classification of the chemical:
Acute Oral Toxicity - Category 4
Eye Damage - Category 1

SIGNAL WORD:  DANGER

Hazard Statement(s):
H302 Harmful if swallowed.
H318 Causes serious eye damage.

Product Name:  SODIUM METABISULPHITE (ALL GRADES) Issued:  21/06/2017

Precautionary Statement(s):

Prevention:
P102 Keep out of reach of children.
P264 Wash hands thoroughly after handling.
P270 Do not eat, drink or smoke when using this product.
P280 Wear protective gloves / protective clothing / eye protection / face protection.

Substance No:  000031030201

Response:
P301+P312 IF SWALLOWED: Call a POISON CENTER or doctor/physician if you feel unwell.
P330 Rinse mouth.
P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do.
Continue rinsing.
P310 Immediately call a POISON CENTER or doctor/physician.

Version:  5
Page 1 of 6



Safety Data Sheet

Storage:
No storage statements.

Disposal:
P501 Dispose of contents and container in accordance with local, regional, national, international regulations.

Other Hazards:
AUH031 Contact with acids liberates toxic gas.

Poisons Schedule (SUSMP): S5  Caution.

3. COMPOSITION AND INFORMATION ON INGREDIENTS

Components CAS Number Proportion Hazard Codes

Sodium metabisulfite 7681-57-4 100% H302 H318

4. FIRST AID MEASURES

For advice, contact a Poisons Information Centre (e.g. phone Australia 131 126; New Zealand 0800 764 766) or a
doctor.

Inhalation:
Remove victim from area of exposure - avoid becoming a casualty. Remove contaminated clothing and loosen
remaining clothing. Allow patient to assume most comfortable position and keep warm. Keep at rest until fully
recovered. Seek medical advice if effects persist.

Skin Contact:
If skin contact occurs, remove contaminated clothing and wash skin with running water. If irritation occurs seek
medical advice.

Eye Contact:
Immediately wash in and around the eye area with large amounts of water for at least 15 minutes. Eyelids to be held
apart. Remove clothing if contaminated and wash skin.  Urgently seek medical assistance. Transport promptly to
hospital or medical centre.

Ingestion:
Rinse mouth with water. If swallowed, do NOT induce vomiting.  Give a glass of water. Seek immediate medical
assistance.

Indication of immediate medical attention and special treatment needed:
Treat symptomatically. Can cause corneal burns.

Product Name:  SODIUM METABISULPHITE (ALL GRADES)

5. FIRE FIGHTING MEASURES

Issued:  21/06/2017
Substance No:  000031030201

Suitable Extinguishing Media:
Not combustible, however, if material is involved in a fire use: Fine water spray, normal foam, dry agent (carbon
dioxide, dry chemical powder).

Version:  5

Specific hazards arising from the chemical:
Non-combustible material.

Page 2 of 6

Special protective equipment and precautions for fire-fighters:
Decomposes on heating emitting toxic fumes, including those of sulfur dioxide . Fire fighters to wear self-contained
breathing apparatus and suitable protective clothing if risk of exposure to products of decomposition.
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6. ACCIDENTAL RELEASE MEASURES

Emergency procedures/Environmental precautions:
Clear area of all unprotected personnel. If contamination of sewers or waterways has occurred advise local
emergency services.

Personal precautions/Protective equipment/Methods and materials for containment and cleaning up:
Wear protective equipment to prevent skin and eye contact and breathing in dust.  Work up wind or increase
ventilation.  Cover with damp absorbent (inert material, sand or soil).  Sweep or vacuum up, but avoid generating
dust.  Collect and seal in properly labelled containers or drums for disposal. Wash area down with excess water.

7. HANDLING AND STORAGE

This material is a Scheduled Poison S5 and must be stored, maintained and used in accordance with the relevant
regulations.

Precautions for safe handling:
Avoid skin and eye contact and breathing in dust. Avoid handling which leads to dust formation. Keep out of reach of
children.

Conditions for safe storage, including any incompatibilities:
Store in a cool, dry, well ventilated place. Store away from foodstuffs. Store away from incompatible materials
described in Section 10. Keep containers closed when not in use - check regularly for spills.

Product Name:  SODIUM METABISULPHITE (ALL GRADES)

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Issued:  21/06/2017
Substance No:  000031030201

Sodium metabisulfite:   8hr TWA = 5 mg/m3

Version:  5

As published by Safe Work Australia Workplace Exposure Standards for Airborne Contaminants.

TWA - The time-weighted average airborne concentration of a particular substance when calculated over an
eight-hour working day, for a five-day working week.

These Workplace Exposure Standards are guides to be used in the control of occupational health hazards. All
atmospheric contamination should be kept to as low a level as is workable.  These workplace exposure standards
should not be used as fine dividing lines between safe and dangerous concentrations of chemicals.  They are not a
measure of relative toxicity.

Page 3 of 6

Appropriate engineering controls:
Ensure ventilation is adequate to maintain air concentrations below Workplace Exposure Standards. Keep containers
closed when not in use.

If in the handling and application of this material, safe exposure levels could be exceeded, the use of engineering
controls such as local exhaust ventilation must be considered and the results documented.  If achieving safe exposure
levels does not require engineering controls, then a detailed and documented risk assessment using the relevant
Personal Protective Equipment (PPE) (refer to PPE section below) as a basis must be carried out to determine the
minimum PPE requirements.
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Individual protection measures, such as Personal Protective Equipment (PPE):
The selection of PPE is dependent on a detailed risk assessment.  The risk assessment should consider the work
situation, the physical form of the chemical, the handling methods, and environmental factors.

  OVERALLS, SAFETY SHOES, CHEMICAL GOGGLES, GLOVES, DUST MASK.

Wear overalls, chemical goggles and impervious gloves.  Avoid generating and inhaling dusts. If determined by a risk
assessment an inhalation risk exists, wear a  dust mask/respirator meeting the requirements of AS/NZS 1715 and
AS/NZS 1716. Always wash hands before smoking, eating, drinking or using the toilet. Wash contaminated clothing
and other protective equipment before storage or re-use.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical state: Solid
Colour: White
Odour: Characteristic
Molecular Formula: Na2 O5 S2
Solubility: Soluble in water.
Specific Gravity: 1.48
Relative Vapour Density (air=1): Not available
Vapour Pressure (20 °C): Not available
Flash Point (°C): Not available
Flammability Limits (%): Not available
Autoignition Temperature (°C): Not available
Solubility in water (g/L): 640 @20°C
Melting Point/Range (°C): ca. 150
Decomposition Point (°C): >150
pH: 4.0-5.0  (50g/water, 20°C)

10. STABILITY AND REACTIVITY

Reactivity: Contact with acids liberates toxic gas.

Chemical stability: Slowly oxidized on exposure to air and moisture.

Possibility of hazardous
reactions:

None known.

Conditions to avoid: Avoid exposure to heat.

Incompatible materials:

Product Name:  SODIUM METABISULPHITE (ALL GRADES)

Incompatible with acids , oxidising agents .

Issued:  21/06/2017
Substance No:  000031030201

Hazardous decomposition
products:

Sulfur dioxide.

Version:  5

11. TOXICOLOGICAL INFORMATION

Page 4 of 6
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No adverse health effects expected if the product is handled in accordance with this Safety Data Sheet and the
product label.  Symptoms or effects that may arise if the product is mishandled and overexposure occurs are:

Ingestion: Swallowing can result in nausea, vomiting, diarrhoea, and abdominal pain.

Eye contact: A severe eye irritant.  Contamination of eyes can result in permanent injury.

Skin contact: Contact with skin may result in irritation. May cause skin sensitisation in sensitive
individuals.  Repeated or prolonged skin contact may lead to allergic contact
dermatitis.

Inhalation: Breathing in dust may result in respiratory irritation. May cause respiratory
sensitisation in sensitive individuals, producing asthma-like symptoms.

Acute toxicity:
Oral LD50 (rat):  1131 mg/kg

Chronic effects:  Sodium metabisulfite can sensitise the respiratory tract of allergic persons.

12. ECOLOGICAL INFORMATION

Ecotoxicity Avoid contaminating waterways.

96hr LC50 (fish): 150-220 mg/L (S. gairdnerii)

13. DISPOSAL CONSIDERATIONS

Disposal methods:
Refer to Waste Management Authority. Dispose of contents and container in accordance with local, regional, national,
international regulations.

14. TRANSPORT INFORMATION

Road and Rail Transport
Not classified as Dangerous Goods by the criteria of the Australian Dangerous Goods Code (ADG Code) for transport
by Road and Rail;  NON-DANGEROUS GOODS.

Marine Transport
Not classified as Dangerous Goods by the criteria of the International Maritime Dangerous Goods Code (IMDG Code)
for transport by sea;  NON-DANGEROUS GOODS.

Air Transport
Not classified as Dangerous Goods by the criteria of the International Air Transport Association (IATA) Dangerous
Goods Regulations for transport by air;  NON-DANGEROUS GOODS.

Product Name:  SODIUM METABISULPHITE (ALL GRADES)

15. REGULATORY INFORMATION

Issued:  21/06/2017
Substance No:  000031030201

Classification:
This material is hazardous according to Safe Work Australia;  HAZARDOUS CHEMICAL.

Version:  5

Classification of the chemical:
Acute Oral Toxicity - Category 4
Eye Damage - Category 1

Page 5 of 6
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Hazard Statement(s):
H302 Harmful if swallowed.
H318 Causes serious eye damage.

Poisons Schedule (SUSMP): S5  Caution.

This material is listed on the Australian Inventory of Chemical Substances (AICS).

16. OTHER INFORMATION

Product Name:  SODIUM METABISULPHITE (ALL GRADES) Issued:  21/06/2017

This safety data sheet has been prepared by Ixom Operations Pty Ltd Toxicology & SDS Services.

Reason(s) for Issue:
5 Yearly Revised Primary SDS

Substance No:  000031030201

This SDS summarises to our best knowledge at the date of issue, the chemical health and safety hazards of the
material and general guidance on how to safely handle the material in the workplace.  Since Ixom Operations Pty Ltd
cannot anticipate or control the conditions under which the product may be used, each user must, prior to usage,
assess and control the risks arising from its use of the material.

If clarification or further information is needed, the user should contact their Ixom representative or Ixom Operations
Pty Ltd at the contact details on page 1.

Ixom Operations Pty Ltd's responsibility for the material as sold is subject to the terms and conditions of sale, a copy
of which is available upon request.

Version:  5
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SAFETY DATA SHEET 
 
Section 1. Identification of the substance/mixture and of the company/undertaking 
 
1.1 Product Identifier 

Trade Name: ROGuard EB5600 
Chemical Description: RO Antiscalant 
Product Division: Pre treatment chemicals 
Product Class: Water Treatment 
Document Code: EBC-05-600-WT 

 
1.2 Relevant Identified uses of the substance or mixture and uses advised against: 

N/A 
 
1.3 Details of the supplier of the safety data sheet 

Eastboard Chemicals Sdn Bhd 
5, Lorong Perusahaan Sungai Lokan 3/3 
13800 Butterworth, Penang 

 
1.4 Emergency telephone number: 

Tel: 04-356 4632 
 
Section 2. Hazards Identification 
2.1 Classification of the substance of mixture classification according to Regulation 
(EC) 
 

 
 
2.2 Label Elements 

Hazard pictograms 
Signal word: Harmful 
Hazard-determining components of labelling: 
Sodium Polyacrylate 
Hazard Statements: 
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H302 Harmful if swallowed 
H315 Causes skin Irritation 
Precautionary Statements: 
P270 Do not eat, drink or smoke when using this product 
P403 +P235 Store in a well ventilated place. Keep cool. 

2.3 Other Hazards 
PBT: Not Applicable 
vPvB: Not Applicable 

 
 
Section 3. Composition/Information on Ingredients 
 
3.1 Chemical Composition 

Chemical Name   CAS Number   % by weight 
Poly(acrylate sodium)  9003-04-7 5-10 5-10 
Sodium Oxyethylidene 2809-21-4  5-10 
diphosphonate   
Poly(butadiene/maleic acid 2826-53-52  10-20 
2-hydroxypropane   67-63-0   0-5 
 

3.2 Chemical Characterization: MIXTURES 
Dangerous Components: 
Chemical Name   CAS Number   % by weight 

-                                 -                                  - 
 

Section 4: First Aid Measures 
 
4.1 Description of first aid measures: 
 
Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 
minutes. Seek medical aid immediately. 
Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 
minutes while removing contaminated clothing and shoes. Seek medical aid immediately. 
Wash clothing before reuse. 
Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek 
medical aid immediately. Never give anything by mouth to an unconscious person. 
Note to physician: Not applicable 
Inhalation: If inhaled, remove to fresh air. 
 
4.2 Most important symptoms and effect, both acute and delayed: 
 
Eye Contact: Eye contact with this product can cause eye damage if not treated 
immediately. 
Skin Contact: Skin contact with this product is can cause skin irritation. 
Ingestion: This product would be regarded as non-toxic if swallowed. 
Inhalation: Inhalation of vapor or mist can cause headache, nausea, irritation of nose, throat 
and lungs. 
 
4.3 Indication of any immediate medical attention and special treatment needed: 
 
Not applicable information was found concerning any potential health effects resulting from 
sub-chronic or chronic exposure to the product. 
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Section 5: Fire-Fighting Measures 
 
5.1 Extinguishing Media: Use extinguishing media appropriate for the surrounding fire. 
 
5.2 Special Hazards arising from the substance or mixture: 

 
Unusual Fire & Explosion Hazard: This product is noncombustible 

 
5.3 Advice for firefighters: 
 
Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-
contained breathing apparatus and protective clothing must be worn in case of fire. Keep 
run-off water out of sewers and water sources, Dike for water control. 
 
Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet. 
 
 
Section 6. Accidental Release Measures 
 
6.1 Personal Precautions, protective equipment and emergency procedures 

For personal protection, see section 8. 
 
6.2 Environmental precautions 
Avoid discharge product as neat into drains, water courses or onto the ground. 
 
6.3 Methods and material for containment and cleaning up 
Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear 
appropriate protective clothing. Isolate leaking containers and stop leak if safe to do so. 
Whenever practical, transfer spilt material to suitable containers Flush to sewer with copious 
quantities of water. 
 
6.4 Reference to other sections 
For personal protection, see section 8. For waste disposal, see section 13 
 
 
Section 7. Handling and storage 
 
7.1 Precautions for safe handling 
Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapors. 
 
Information about fire – and explosion protection: 
No special measures required. 
 
7.2 Conditions for safe storage, including any incompatibilities 
Store in tightly closed original container in a dry, cool and well ventilated place. 
Storage requirement to be met by storerooms and receptacles: No special requirement 
Information about storage in one common storage facility: Not required. 
Further information about storage conditions: Keep container tightly sealed. 
 
7.3 Specific end use(s) 
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No further relevant information available. 
 
 
Section 8. Exposure Controls/ Personal Protection 
Additional information about design of technical facilities: No further data; see item 7 
 
8.1 Control parameters 
 
Chemical Name  % by weight  OSHA PEL  ACGIH TLV 
Poly(acrylate sodium)  5-10    N/A   N/A 
Sodium Oxyethylidene  5-10    N/A   N/A 
diphosphonate 
Poly(butadiene/maleic acid 10-20    N/A   N/A 
2-hydroxypropane   0-5    N/A   N/A 
 
*Note: WEL = Workplace Exposure Limit = Value x (% by weight) 

WEL limits are supplier’s recommendations 
 
 
8.2 Exposure controls 
 
Protective equipment 

 
 
Process conditions 
Eye wash station and safety shower should be accessible in the immediate area of use. 
Engineering measures 
Provide sufficient ventilation at workplace. 
Respiratory equipment 
If airborne concentration exceeds published exposure limits, use a NIOSH approved 
respirator in accordance with OSHA respiratory protection requirements (29 CFR 1910.134) 
Hand protection 
Chemical resistant glove is required for prolonged or repeated contact. 
Eye protection 
Chemical splash goggles and face shield 
Other protection 
Not Necessary 
Hygiene measures 
Wash hand at the end of each work shift and before eating, smoking and use the toilet, 
Wash promptly if skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA. 
 
Section 9. Physical and chemical Properties 
 
9.1 Information on basic physical and chemical properties 
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General information 
Appearance and odor:  Free-flow liquid 
Color:     slightly pale yellow liquid 
Odor:     Characteristic odor 
pH as solution   ~2.3 
Density/ Specific Gravity:  1.210 – 1.275 
Bulk Density    Not applicable 
Solubility/Miscibility in water:  Complete 
Vapor Pressure:   Not applicable 
Vapor Density (air =1)  Similar to water 
Viscosity:    Not applicable 
% volatile by weight (VOC):  Nil 
 
Solvent content: 

Water:     55% 
Organic Solvent   Nil 
Solid Content:   45% 

 
Change in condition 

Flash point:     Not applicable 
Flammability (solid, gaseous)  Non flammable 
Lower Flammable Limit:   Not applicable 
Upper Flammable Limit:   Not applicable 
Auto-ignition Temperature:   Product is not self-igniting 
Ignition Temperature:    Not applicable 
Decomposition Temperature:  Not determined 
Danger of Explosion   This product does not present an explosion hazard 
Boiling Point:     105 C 
Freezing point:    -10 C 

 
 
9.2 Other information 
 
No further relevant information available 
 
Section 10. Stability and reactivity 
 
10.1 Reactivity: No further relevant information available 
10.2 Chemical Stability: This material is considered stable. However, avoid temperatures  

above 177 C, the onset of polymer decomposition. 
Thermal decomposition/conditions to be avoided: Heat, flame and other source of 
ignition 
 
10.3 Possibility of hazardous reactions: No dangerous reactions known 
10.4 Conditions to avoid: Heat, flame and other source of ignition 
10.5 Incompatible materials: Strong oxidizers 
10.6 Hazardous decomposition products: Thermal decomposition or combustion may 
produce acrylic monomers, potassium oxide and phosphorous oxide. 
 
 
Section 11. Toxicological Information 
On Product & Ingredient: 
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Additional toxicological information: 
A 13 weeks inhalation study in rats of a compositionally similar polycarboxylate material 
showed inflammatory effects in the lung at concentration of 5 mg/m3 for 6 hours per day, 5 
days per week. The noobserved-effect level for this response was judged to be 1 mg/m3. 
Maintaining airborne concentrations within the recommended exposure limit is not expected 
to produce adverse effect within the lungs. 
 
 
Section 12. Ecological Information 

  

 
 
12.3 Bio-accumulative potential 
Product is not bio-accumulating 
 
12.4 Mobility in soil 
No further relevant information available 
 
12.5 Results of PBT and vPvB assessment 

PBT: Not applicable 
vPvB: Not applicable 

12.6 Other adverse effects 
No further relevant information available. 
 
Section 13. Disposal Consideration 
 
13.1 Waste treatment methods: 
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Disposal of in accordance with local, state and federal regulations. 
Recommendation: 
Must not be disposed together with household garbage. 
 
Uncleaned packaging: 
Recommendation: 
Disposal of in accordance with local, state and federal regulations. 
Recommended cleansing agent: Water 
 
 
Section 14. Transport Information 
 

 
 
Section 15. Regulatory Information 
15.1 Safety, health and environmental regulations/legislation specific for the 
substance or mixture 
OSHA: 

OSHA Hazard Communication Status: Hazardous 
TSCA: 

TSCA: The ingredient of this product are listed on the Toxic Substances Control Act 
(TSCA) Chemical Substances Inventory 
CERCLA: 

CERCLA reportable quantity of EPA hazardous substances in product 
 

Chemical Name     RQ 
Sodium hydroxide     1000 lb 
Product RQ: 100000lb  (Notify EPA of product spills exceeding this amount) 
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15.2 Chemical safety assessment: 
A Chemical Safety Assessment has not been carried out. 
 
Section 16. Other Information 
HMIS: 

HMIS ratings: Health =1*  Flammability =0  Reactivity =0 
HMIS scale 0=Minimal;  1=Slight;  2=Moderate;  3=Serious;  4=Severe 

Personal Protective Equipment =X (to be specified by user depending on use conditions) 
 
Carcinogenicity: 
NTP: No ingredients listed in this section 
IARC: No ingredients listed in this section 
OSHA: No ingredients listed in this section 
NFPA: 
NFPA Ratings Health =1 Flammability =0 Reactivity =0 Special Hazard =None 
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 
Relevant Phrases 
Risk Phrase: 

R21 Harmful in contact with skin 
R22 Harmful if swallowed 
R36 Irritating to eyes 
R38 Irritating to skin 

Safety Phrase: 
S3/9/49 Keep only in the original container in a cool, well-ventilated place 

Revision Date: 3 March 2015 
Revision: 1 
SDS No: 05-600-WT 
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 #�!���
�$ �%��
���%��
���&'(  Citric Acid    
#�!�)��%��!*+     Hydrous citric acid  

 #�!������
�    ก������� 99.5% 
 ����,
��ก-�     C6H8O7 
 Cas No.      5949-29-1 
 

2. Specification 
 

ITEM UNIT Specification 
 

Characteristics 
Identification 

Solubility 
Clarity of Solution 

Barium 
Calcium 

Iron 
Heavy Matal Pb 

Chloride 
Oxalate 
Sulphate 

 
 

Water 
Sulphated ASH 

Content 

 

 

 
 
 
 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 

  
% w/w 
% w/w 
% w/w 

 

Color Crystals 
Conforming To BP93 Standard 
Conforming To BP93 Standard 
Conforming To BP93 Standard 
Conforming To BP93 Standard 

< 200 
< 50 
< 10 
< 50 
< 350 
< 150 

 
 

7.5 - 9.0 
< 0.1 

99.5 - 101.0 

Readily Carbonisable Subsrance  Conforming To BP93 Standard 

StandardStandard 

Specifications of Citric Acid Monohydrate BP93 
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SAFETY DATA SHEET 

Section 1. Identification of the substance/mixture and of the company/undertaking 
 
1.1 Product Identifier 

Trade Name:   ROBactKil (EB 05360) 
Chemical Description: RO Membrane Antifouling Biocide 

 Product Division: Biocide 
Product Class:  Water Treatment  
Document Code: 0632-01-360-09 
 

1.2 Relevant Identified uses of the substance or mixture and uses advised against: 
N/A 

 
1.3 Details of the supplier of the safety data sheet 

Eastboard Chemicals Sdn Bhd 
5, Lorong Perusahaan Sungai Lokan 3/3 

 13800 Butterworth, Penang 
 

1.4 Emergency telephone number:  
Fax: 04-3564632 

 
Section 2. Hazards Identification 
 
2.1 Classification of the substance of mixture classification according to Regulation (EC) 

 
 

Acute Toxicity  
 
H301  Toxic if swallowed 

   
 
 
 
   Skin Corrosion 
 
   H314  Causes severe skin burns and eye damage 
 
 
 
 
Classification according to Directive 67/548/EEC 
 
 
   Harmful 
 
   R28  Harmful if Swallowed 
 
 
Hazard description: Harmful 
 
Information concerning particular hazards for human and environment: N/A 
 
Classification System: N/A 
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2.2 Label Elements 
 
Hazard pictograms 
 
 
 
 
 
 
 
Signal word: Harmful  Corrosive 
 
Hazard-determining components of labelling: 
5-Chloro-2-methyl-4-isothiazolin-3-one 
 
Hazard Statements: 
H301  Toxic if swallowed 
H314  Causes severe skin burns and eye damage 
 
Precautionary Statements: 
P270  Do not eat, drink or smoke when using this product 
P403 +P235 Store in a well ventilated place. Keep cool. 
 

2.3 Other Hazards 
 

PBT:  Not Applicable 
vPvB:  Not Applicable 

 
 
Section 3. Composition/Information on Ingredients 
 
3.1 Chemical Composition 
 

Chemical Name CAS Number % by weight 
Water 7732-18-5 >90 
5-Chloro-2-methyl-4-isothiazolin-3-
one 

26172-55-4 ~2.32 

2-Methyl-4-isothiazolin-3-one 2682-20-4 ~0.70 
 
 
3.2 Chemical Characterization: MIXTURES 
 
 Dangerous Components: 
 

Chemical Name CAS Number % by weight 
5-Chloro-2-methyl-4-isothiazolin-
3-one 

26172-55-4 ~2.32 

2-Methyl-4-isothiazolin-3-one 2682-20-4 ~0.70 
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Section 4: First Aid Measures 
 
4.1 Description of first aid measures: 
 

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Seek 
medical aid immediately. 

 
Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while 

removing contaminated clothing and shoes. Seek medical aid immediately. Wash clothing before reuse. 
Do not take clothing home to be laundered. Discard contaminated shoes, belts and other articles made 
of leather. 

  
Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek medical aid 

immediately. Never give anything by mouth to an unconscious person. 
 
Note to physician: Probable mucosal damage may contraindicate the use of gastric lavage. Measures 

against circulatory shock, respiratory depression and convulsions may be needed. 
 
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, 

give oxygen. Seek medical aid. 
 

4.2 Most important symptoms and effect, both acute and delayed: 
 
Eye Contact: Eye contact with this product can cause eye damage if not treated immediately. 

 
Skin Contact: Skin contact with this product is can cause severe skin burn.  

  
Ingestion: If swallowed, this product may corrode the mucous membranes of the mouth, throat, esophagus 

and stomach. There may be perforation of the esophagus, stomach or intestine. 
 

Inhalation: Not a route of entry. 
 
4.3 Indication of any immediate medical attention and special treatment needed: 

 
Not applicable information was found concerning any potential health effects resulting from sub-chronic or 
chronic exposure to the product. The chronic local effect may consist of multiple areas of superficial 
destruction of the skin or of primary irritant dermatitis. Similarly, chronic inhalation of dust may result in 
varying degrees of irritant or damage to the respiratory tract tissues. 

 
Section 5: Fire-Fighting Measures 
 
5.1 Extinguishing Media:  Use extinguishing media appropriate for the surrounding fire. 
 
5.2 Special Hazards arising from the substance or mixture: 
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Unusual Fire & Explosion Hazard: This product is noncombustible 
 
5.3 Advice for firefighters: 
 

Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-contained 
breathing apparatus and protective clothing must be worn in case of fire. Keep run-off 
water out of sewers and water sources, Dike for water control. 

 
Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet. 

 
Section 6. Accidental Release Measures 
  
6.1 Personal Precautions, protective equipment and emergency procedures 

For personal protection, see section 8. 
 
6.2 Environmental precautions 

Avoid discharge into drains, water courses or onto the ground. 
 
6.3 Methods and material for containment and cleaning up 

Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear appropriate 
protective clothing. Isolate leaking containers and stop leak if safe to do so. Whenever practical, transfer 
spilt material to suitable containers Flush to sewer with copious quantities of water.  
 

6.4 Reference to other sections 
For personal protection, see section 8. For waste disposal, see section 13 

 
Section 7. Handling and storage 
 
7.1 Precautions for safe handling 

Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapors. 
 

Information about fire – and explosion protection: 
No special measures required. 

 
7.2 Conditions for safe storage, including any incompatibilities 

Store in tightly closed original container in a dry, cool and well ventilated place. 
 
Storage requirement to be met by storerooms and receptacles: No special requirement 

 
Information about storage in one common storage facility: Not required. 
 
Further information about storage conditions: Keep container tightly sealed. 

 
7.3 Specific end use(s) 

No further relevant information available. 
 
Section 8. Exposure Controls/ Personal Protection 
 
Additional information about design of technical facilities: No further data; see item 7 
 
8.1 Control parameters 

Chemical Name % by OSHA PEL ACGIH TLV 
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weight 
5-Chloro-2-methyl-4-isothiazolin-3-one ~2.32 None Established* None Established* 
2-Methyl-4-isothiazolin-3-one ~0.70 None Established* None Established* 

 *Note:  WEL = Workplace Exposure Limit = Value x (% by weight) 
  WEL limits are supplier’s recommendations 
 
 
 
 
 
 
 
 
8.2 Exposure controls 
 

Protective equipment 
 

 
 
 
 
 
 

Process conditions 
Eye wash station and safety shower should be accessible in the immediate area of use. 

 
Engineering measures 
Provide sufficient ventilation at workplace. 

 
Respiratory equipment 
If airborne concentration exceeds published exposure limits, use a NIOSH approved respirator in 
accordance with OSHA respiratory protection requirements (29 CFR 1910.134) 

 
Hand protection 
Chemical resistant glove is required for prolonged or repeated contact. 

 
Eye protection 
Chemical splash goggles and face shield  

 
Other protection 
Not Necessary 

 
Hygiene measures 
Wash hand at the end of each work shift and before eating, smoking and use the toilet, Wash promptly if 
skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA. 

 
 
Section 9. Physical and chemical Properties 
 
9.1 Information on basic physical and chemical properties 
 

General information 
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Appearance and odor:  Free-flow liquid 
Color:    Colorless 
Odor:    Characteristic odor 
pH (1% solution)  ~6.5 
Density/ Specific Gravity: 1.02 

 Bulk Density   Not applicable 
Solubility/Miscibility in water:  Complete 
Vapor Pressure:   6610mmHg (@ 20ºC) 
Vapor Density (air =1)  0.62 

 Viscosity:   0.9cp 
% volatile by weight (VOC): Nil 

 Solvent content: 
  Water:   >90% 
  Organic Solvent  Nil 
 Solid Content:   <5% 
 
 
Change in condition 

 
Flash point:    Not applicable   
Flammability (solid, gaseous) Non flammable 
 
Lower Flammable Limit:  Not applicable 
Upper Flammable Limit:  Not applicable 
Auto-ignition Temperature:  Product is not self-igniting 

 Ignition Temperature:  Not applicable 
Decomposition Temperature: Not determined 
Danger of Explosion  This product does not present an explosion hazard 
 
Boiling Point:  100oC 
Freezing point:  -3oC 
 

9.2 Other information 
 No further relevant information available 
 
 
Section 10. Stability and reactivity 
 
10.1 Reactivity: No further relevant information available 
 
10.2 Chemical Stability: Stable 

 
Thermal decomposition/conditions to be avoided: Avoid contact with amphoteric metals. 

 
10.3 Possibility of hazardous reactions: No dangerous reactions known 
 
10.4 Conditions to avoid: No specific information 
 
10.5 Incompatible materials: Oxidizing agents, reducing agents, amines, mercaptans & aluminum alloys 
 
10.6 Hazardous decomposition products: Thermal decomposition or combustion may produce carbon 

monoxide, carbon dioxide, hydrogen chloride gas and oxides of nitrogen and sulfur.  
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Section 11. Toxicological Information 
 
11.1 Information on toxicological effects:  
 

On Product & Ingredient: 
Test material Oral LD50 (rat) Dermal LD50(rabbit) Inhalation LD50 (rat) 
On Product 3810mg/kg >5g/kg  >13.7mg/l/4H (nominal vapor concentration). 

Inhalation toxicity tests were conducted with a 
solution containing 1,0% active. 

 
Primary irritant effect: 
Area Effect 
Eye A 0.3% active solution is an eye irritant and a 0.06% active solution is a non-

irritant. 
Skin A 0.6% active solution is a severe irritant to skin, a 0.3% active product is a 

moderate skin irritant, and a 0.06% active product is a non-irritant. 
Sensitization Human patch test had demonstrated that the active material is a skin 

sensitizer even at low concentration. 
 
Additional toxicological information: 
Swallowing will lead to a sensitizing effect on mouth and throat. 

 
 
Section 12. Ecological Information 
 
12.1 Toxicity  

Test Material Aquatic Toxicity/Data 
Active ingredient 96hr LC50 (Bluegill sunfish): 0.54ppm 

96hr LC50 (Rainbow trout): 0.14ppm 
96hr LC50 (Sheepshead minnow): 0.3ppm 
48hr LC50 (Daphnia magna): 0.13ppm 

 
12.2 Persistence and degradability  

Product is fully biodegradable when release to the environment 
 
12.3 Bio-accumulative potential  

Product is not bio-accumulating  
 
12.4 Mobility in soil 

No further relevant information available 
 
12.5 Results of PBT and vPvB assessment  

 
PBT: Not applicable 
vPvB: Not applicable 

 
12.6 Other adverse effects  

No further relevant information available.  
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Section 13. Disposal Consideration 
 
13.1 Waste treatment methods:  

Disposal of in accordance with local, state and federal regulations. 
 

Recommendation: 
Must not be disposed together with household garbage. 

 
Uncleaned packaging: 
 
Recommendation: 
Disposal of in accordance with local, state and federal regulations. 

 
Recommended cleansing agent: Water 

 
 
Section 14. Transport Information 
 
14.1 UN number   UN 3265 
 
14.2 UN proper shipping name Biocide Solution 
 
14.3 Transport hazard class(es)  Not applicable 
 

Transport Labels 
 
 
 
 
 
 
 

Class:    Harmful 
 
14.4 Packing group   II 
 
14.5 Environmental Hazard 
 

Marine pollutant:   No 
 
 
14.6 Special precautions for user  
 

WARNING: Corrosive substances if product is concentrated 
  

EMS Number: F-A, S-B 
 
14.7 Transport in bulk according to Annex II of MARPOL 73/78 and the IBC code  

 
Not applicable 
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Section 15. Regulatory Information 
 
15.1 Safety, health and environmental regulations/legislation specific for the substance or mixture  
 

OSHA: 
OSHA Hazard Communication Status:  Hazardous 
 
TSCA: 
TSCA: The ingredient of this product are listed on the Toxic Substances Control Act (TSCA) Chemical 
Substances Inventory 
 
CERCLA: 
CERCLA reportable quantity of EPA hazardous substances in product 
 
Chemical Name     RQ 
Cupric nitrate     100lb 
 
Product RQ: 62500lb   (Notify EPA of product spills exceeding this amount) 
 

SARA title III: 
 
Section 302: Extremely hazardous Substances 

Chemical Name CAS # RQ IPC 
    

*There are no SARA 302 Extremely Hazardous Substances in this product 
 
 
Section 311 & 312: Health and Physical Hazards: 

Immediate Delayed Fire Pressure Reactivity 
[Yes] [Yes] [No] [No] [No] 

 
Section 313: Toxic Chemicals: 

Chemical Name Cas # % by weight 
5-Chloro-2-methyl-4-isothiazolin-3-
one 

26172-55-4 ~2.32 

2-Methyl-4-isothiazolin-3-one 2682-20-4 ~0.70 
 
 

15.2 Chemical safety assessment: 
A Chemical Safety Assessment has not been carried out. 
 
 

Section 16. Other Information 
 
HMIS: 
HMIS ratings: Health =1* Flammability =0  Reactivity =0 
 
HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 
 
Personal Protective Equipment =X (to be specified by user depending on use conditions) 
 
Carcinogenicity: 
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NTP: No ingredients listed in this section 
IARC: No ingredients listed in this section 
OSHA: No ingredients listed in this section 
 
NFPA: 
 

NFPA Ratings Health =1 Flammability =0 Reactivity =0 Special Hazard =None 
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 

 
Relevant Phrases 
 

Risk Phrase: 

R21 Harmful in contact with skin

R22 Harmful if swallowed 

 
Safety Phrase: 

S3/9/49 Keep only in the original container in a cool, well-ventilated place 

 
 
 
Revision Date: 28 February 2015 
 
Revision: 1 
 
SDS No: 360-09 



 

 

 

 

 

 

 

Sodium Chloride 

 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

ข้อมูลเกีย่วกบัความปลอดภัยของสินค้า (MSDS) 
ลกัษณะจ าเพาะของเกลือบริสุทธ์ิ 

1. ช่ือทางเคมแีละช่ือทางวทิยาศาสตร์ 
ช่ือทางการคา้    เกลือบริสุทธ์ิ 
ช่ือทางเคมี  โซเดียมคลอไรด ์(Sodium Chloride) 
สูตรเคมี  NaCl 
น ้าหนกัโมเลกุล 58.44 
หมวดทางเคมี  สารอนินทรีย ์(สารประกอบเคมีท่ีอยูใ่นสถานะใดกไ็ด ้ 

ไม่วา่จะเป็นของแขง็ ของเหลว หรือแก๊ส) 
  สารประกอบ   ไม่มีสารประกอบอนัตราย 
 

2. หมายเลขทะเบียน    CAS No. 7647-14-5 
 

3. รายละเอยีดผู้ผลติ 
ผูผ้ลิต – บรรจุ  บริษทั อุตสาหกรรมเกลือบริสุทธ์ิ จ  ากดั 
ท่ีอยูส่ านกังาน  1016 ชั้น 1 อาคารศรีเฟ่ืองฟุ้ง ถนนพระราม 4 แขวงสีลม  

เขตบางรัก กรุงเทพมหานคร 10500 
  ท่ีอยูโ่รงงาน  146 หมู่ 3 ถนน ตลาดแค – พิมาย ต าบลกระเบ้ืองใหญ่ 
     อ  าเภอพิมาย จงัหวดันครราชสีมา 30110 

 
4. การใช้ประโยชน์  ข้ึนอยูก่บัผูใ้ชเ้กลือบริสุทธ์ิ 

 
5. ข้อมูลเกีย่วกบัอนัตรายต่อสุขภาพ 

ข้อมูลเกีย่วกบัความเป็นพษิ 
- ทางปาก  3,000 มิลลิกรัม/ กิโลกรัม 
- ทางลมหายใจ  มากกวา่ 42 กรัม/ ลูกบาศกเ์มตร/ ชัว่โมง 



 

 

 
 

- ทางผวิหนงั   มากกวา่ 10 ลูกบาศก/์ กิโลกรัม 
 

ทางเข้าสู่ร่างกาย 
- ทางปาก   ได ้
- ทางลมหายใจ   ได ้
- ทางผวิหนงั   ได ้
- ทางลมหายใจ   เคล่ือนยา้ยผูป่้วยไปท่ีโล่งแจง้ รีบดูแลรักษา 
- ทางผวิหนงั   ปัดสารออกจากผวิหนงั  

และลา้งท าความสะอาดดว้ยสบู่ 
- ทางระบบยอ่ยอาหาร  ถา้มีอาการอาเจียน ใหด่ื้มน ้ามากๆ  

และท าการปฐมพยาบาลโดยเร็ว 
 

6. ข้อมูลทางกายภาพและเคม ี
ลกัษณะทางกายภาพ  เป็นผลึก 
ลกัษณะสี   สีขาว 
ลกัษณะกล่ิน   ไม่มีกล่ิน 
ลกัษณะรสชาติ  เคม็ 
การละลาย   ละลายน ้าท่ีอุณหภูมิ 20◦C  

36 กรัม ต่อน ้า 100 ลูกบาศกเ์ซนติเมตร 
  จุดหลอมเหลว   801 ◦C 
  จุดเดือด   1,413 ◦C 
  ความดนัไอ   1 มม. (865 ◦C) 
  ความเป็นกรด ด่าง  7 – 9.3 (สารละลาย 10%) W/V 
  ความถ่วงจ าเพาะ  2.165 (ณ อุณหภูมิ 25 ◦C) 
 
 



 

 

 
7. อนัตรายรุนแรงและเร้ือรัง 

- ลมหายใจ    ท าใหร้ะคายเคืองต่อระบบหายใจ  
เน้ือเยือ่บุปาก และโพรงจมูก 

- ผวิหนงั     อาจท าใหร้ะคายเคือง, คนั  
และเป็นโรคผวิหนงัอกัเสบ 

- ตา     แสบตา 
- สารประกอบท่ีเป็นสารก่อมะเร็ง ไม่มี 
- กฎความปลอดภยั   มี 

 
8. ข้อมูลเกีย่วกบัปฏิกริิยา 

เสถียรภาพ    สะเทิน 
สภาวะท่ีควรหลีกเล่ียง   อุณหภูมิสูงเกินไป 
การรวมตวักบัสารอ่ืน   ไม่มี 
วสัดุท่ีควรหลีกเล่ียง   เหลก็คาร์บอน 
สารอนัตรายท่ีเกิดจากการละลายตวั ฟองคลอไรด ์และออกไซดข์องโซเดียม 
การเกิดอนัตรายจากการรวมตวักบัสารอ่ืน ไม่เกิด 
 

9. ข้อมูลด้านอคัคภีัยและการระเบิด 
จุดวาบไฟ    ไม่มี  
ขีดจ ากดัการระเบิด –ค่าต ่าสุด  ไม่มี 
ขีดจ ากดัการระเบิด –ค่าสูงสุด  ไม่มี 
สารดบัเพลิงท่ีใช ้   ใชส้ารดบัไฟท่ีเหมาะสมกบัอคัคีภยั 
วธีิดบัเพลิงพิเศษ       สวมชุดปฏิบติัการดบัเพลิงท่ีถูกตอ้ง 

ตามหลกัสากล 
อนัตรายจากการระเบิด  ไม่มี 
 
 



 

 

 
 

10. การเกบ็รักษาและการขนส่ง 
การเกบ็รักษา  ควรจดัเกบ็ในสถานท่ีร่มและอากาศถ่ายเทไดส้ะดวก 
การขนส่ง  ควรใชผ้า้ใบคลุมอยา่งมิดชิด หรือใชร้ถท่ีปิดมิดชิด 
การขนยา้ย  สวมถุงมือ หนา้กาก แวน่ตา หรือสวมชุดป้องกนั 
 

11. การก าจัดกรณสีารร่ัวไหล 
สวมชุดป้องกนัและดูดสารกลบัใส่ภาชนะท่ีเหมาะสม อยา่ใหฟุ้้งกระจาย 
 

12. อปุกรณ์ป้องกนัอนัตรายส่วนบุคคล 
การป้องกนัอนัตรายท่ีเกิดข้ึน  สวมหนา้กากป้องกนัฝุ่ น 
กบัระบบหายใจ  
การระบายอากาศ   ใหมี้อากาศถ่ายเทเพื่อใหฟ้องหรือฝุ่ น  

อยูใ่นระดบัต ่าท่ีสุด 
ถุงมือป้องกนั    สวมถุงมือยาง 
การป้องกนัอนัตรายท่ีเกิดข้ึนกบัตา สวมใส่แวน่นิรภยั 
อุปกรณ์ป้องกนัอ่ืน ๆ    สวมชุดป้องกนัเพื่อกนัเป้ือนผวิหนงั 

และเส้ือผา้ 
 

13. การปฐมพยาบาล 
ทางลมหายใจ  เคล่ือนยา้ยผูป่้วยไปท่ีโล่งแจง้ รีบดูแลรักษา 
ทางผวิหนงั  ปัดสารออกจากผวิหนงั และลา้งท าความสะอาดดว้ยสบู่ 
ทางระบบยอ่ยอาหาร ถา้มีอาการอาเจียน ใหด่ื้มน ้ามากๆ  

และท าการปฐมพยาบาลโดยเร็ว 
  ทางตา   ลา้งตาดว้ยน ้าสะอาดประมาณ 15 นาที รีบน าไปพบแพทย ์
 
 



 

 

 
14. ผลกระทบต่อส่ิงแวดล้อม 

เม่ือไม่สามารถเกบ็หรือน ากลบัมาหมุนเวยีนใชไ้ดอี้ก ควรก าจดัในระบบท่ีผา่นการ 
รับรองแลว้วา่เหมาะสม 

การก าจดัของเสียหรือสารท่ีไม่ไดใ้ชแ้ลว้จะตอ้งเป็นไปตามกฎหมายของประเทศไทย 
 

15. การปฏบัิติเม่ือเกดิเหตุฉุกเฉิน 
สารดบัเพลิงท่ีใช ้ ใชส้ารดบัไฟท่ีเหมาะสมกบัอคัคีภยั 
วธีิดบัเพลิงพิเศษ สวมชุดปฏิบติัการดบัเพลิงท่ีถูกตอ้งตามหลกัสากล 
ทางลมหายใจ  เคล่ือนยา้ยผูป่้วยไปท่ีโล่งแจง้ รีบดูแลรักษา 
ทางผวิหนงั  ปัดสารออกจากผวิหนงั และลา้งท าความสะอาดดว้ยสบู่ 
ทางระบบยอ่ยอาหาร ถา้มีอาการอาเจียน ใหด่ื้มน ้ามากๆ และท าการปฐมพยาบาล 
   โดยเร็ว 
ทางตา   ลา้งตาดว้ยน ้าสะอาดประมาณ 15 นาที รีบน าไปพบแพทย ์
 

16. ข้อมูลอ่ืนๆ 
อนัตรายเร้ือรัง    ไม่มี 
อนัตรายรุนแรงต่อร่างกาย  ไม่มี 
อนัตรายจากการสัมผสั   ไม่มี 
อนัตรายจากอคัคีภยั   ไม่มี 
อนัตรายจากปฏิกิริยากบัสารอ่ืน ไม่มี 
การป้องกนัการสัมผสักบัตา  ไม่มี 
การป้องกนัการสัมผสักบัผวิหนงั ไม่มี 
การป้องกนัการสัมผสัทางลมหายใจ ไม่มี 
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  Version No: 1, Revision: 3 March 2015 
 

SAFETY DATA SHEET 
 
Section 1. Identification of the substance/mixture and of the company/undertaking 
 

 
1.1 Product Identifier 

Trade Name: VRB TriPhos (EB 84039) 
Chemical Description: High Pressure Boiler Phosphate Treatment 
Product Division: Alkali Booster 
Product Class: Water Treatment 
Document Code: EBC-84-039-WT 
 

1.2 Relevant Identified uses of the substance or mixture and uses advised against: 
N/A 

 
1.3 Details of the supplier of the safety data sheet 

Eastboard Chemicals Sdn Bhd 
5, Lorong Perusahaan Sungai Lokan 3/3 

 13800 Butterworth, Penang 
 

1.4 Emergency telephone number:  
Tel: 03-3564632 
 
 

Section 2. Hazards Identification 
 
2.1 Classification of the substance of mixture classification according to Regulation (EC) 

 

 Warning 
 
H302  Harmful if swallowed 

 
Classification according to Directive 67/548/EEC 
 
 
   Harmful 
 
   R28  Harmful if Swallowed 
 
 
Hazard description: Harmful 
 
Information concerning particular hazards for human and environment: N/A 
 
Classification System: N/A 
 

2.2 Label Elements 
 
Hazard pictograms 
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Signal word: Harmful    
 
Hazard-determining components of labelling: 
Tri Sodium Phosphate 
 
Hazard Statements: 
H302  Harmful if swallowed  
H315  Causes skin Irritation 
 
Precautionary Statements: 
P270  Do not eat, drink or smoke when using this product 
P403 +P235 Store in a well ventilated place. Keep cool. 
 

2.3 Other Hazards 
PBT:  Not Applicable 
vPvB:  Not Applicable 

 
 
Section 3. Composition/Information on Ingredients 

 
 
Section 4: First Aid Measures 
 
4.1 Description of first aid measures: 
 

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. 
Seek medical aid immediately. 

 
Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes 

while removing contaminated clothing and shoes. Seek medical aid immediately. Wash clothing 
before reuse. Do not take clothing home to be laundered. Discard contaminated shoes, belts 
and other articles made of leather. 

  
Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek medical aid 

immediately. Never give anything by mouth to an unconscious person. 
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Note to physician: Probable mucosal damage may contraindicate the use of gastric lavage. 
Measures against circulatory shock, respiratory depression and convulsions may be needed. 

 
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is 

difficult, give oxygen. Seek medical aid. 
 

4.2 Most important symptoms and effect, both acute and delayed: 
 
Eye Contact: Eye contact with this product can cause eye irritation if not treated immediately. 

 
Skin Contact: Skin contact with this product is can cause skin irritation.  

  
Ingestion: If swallowed, this product may irritate the mucous membranes of the mouth, throat, 

esophagus and stomach.  
 

Inhalation: Inhalation overexposure to mist or vapor may result in chest and bronchial irritation and 
nausea, vomiting, restlessness, drowsiness and anxiety. 

 
4.3 Indication of any immediate medical attention and special treatment needed: 

 
Not applicable information was found concerning any potential health effects resulting from sub-
chronic or chronic exposure to the product. The chronic local effect may consist of multiple areas 
of superficial destruction of the skin or of primary irritant dermatitis.  

 
 
Section 5: Fire-Fighting Measures 
 
5.1 Extinguishing Media:  Use dry chemical, “Alcohol” Foam, carbon dioxide or water spray 
 
5.2 Special Hazards arising from the substance or mixture: 
 

Unusual Fire & Explosion Hazard: This product combustible 
 
5.3 Advice for firefighters: 
 
Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-contained 

breathing apparatus and protective clothing are essential. Fires should 
be approached from upwind. Use water to keep fire exposed 
containers cool. 

 
Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet. 

 
 
Section 6. Accidental Release Measures 
  
6.1 Personal Precautions, protective equipment and emergency procedures 

For personal protection, see section 8. 
 
6.2 Environmental precautions 

Avoid discharge into drains, water courses or onto the ground. 
 
6.3 Methods and material for containment and cleaning up 

Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear 
appropriate protective clothing. Isolate leaking containers and stop leak if safe to do so. Whenever 
practical, transfer spilt material to suitable containers Flush to sewer with copious quantities of 
water.  
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6.4 Reference to other sections 

For personal protection, see section 8. For waste disposal, see section 13 
 
 
 
 
Section 7. Handling and storage 
 
7.1 Precautions for safe handling 

Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapors. 
 

Information about fire – and explosion protection: 
No special measures required. 

 
7.2 Conditions for safe storage, including any incompatibilities 

Store in tightly closed original container in a dry, cool and well ventilated place. 
 
Storage requirement to be met by storerooms and receptacles: No special requirement 

 
Information about storage in one common storage facility: Not required. 
 
Further information about storage conditions: Keep container tightly sealed. 

 
7.3 Specific end use(s) 

No further relevant information available. 
 
Section 8. Exposure Controls/ Personal Protection 
 

 
8.2 Exposure controls 
 

Protective equipment 
 

 
 
 
 
 

 
Process conditions 
Eye wash station and safety shower should be accessible in the immediate area of use. 

 
Engineering measures 
Local exhaust ventilation mat be required in addition to general room ventilation to maintain airborne 
concentrations below exposure limits. 

 
Respiratory equipment 
If airborne concentration exceeds published exposure limits, use a NIOSH approved respirator in 
accordance with OSHA respiratory protection requirements (29 CFR 1910.134) 
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Hand protection 
Chemical resistant glove is required for prolonged or repeated contact. 

 
Eye protection 
Chemical splash goggles and face shield  

 
Other protection 
Not Necessary 

 
Hygiene measures 
Wash hand at the end of each work shift and before eating, smoking and use the toilet, Wash 
promptly if skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA. 

 
 
Section 9. Physical and chemical Properties 
 
9.1 Information on basic physical and chemical properties 
 

General information 
Appearance and odor:  Free-flow liquid 
Color:    Colorless  
Odor:    Odorless 
pH (1% solution)  10.5 
Density/ Specific Gravity: 1.05 @ 25oC 

 Bulk Density   Not applicable 
Solubility/Miscibility in water:  Complete 
Vapor Pressure:   Not applicable 
Vapor Density (air =1)  Not applicable 

 Viscosity:   Not applicable 
% volatile by weight (VOC): Nil 

 Solvent content: 
  Water:   90% 
  Organic Solvent  Nil 
 Solid Content:   10% 
 
Change in condition 

 
Flash point:    Not applicable 
Flammability (solid, gaseous) Not Flammable 
 
Lower Flammable Limit:  Not applicable 
Upper Flammable Limit:  Not applicable 
Auto-ignition Temperature:  This product is not self-ignition 

 Ignition Temperature:  Not applicable 
Decomposition Temperature: Not determined 
Danger of Explosion This product is not resent explosion hazard 
 
Boiling Point:   105 °C  
Freezing point:   -5 °C 
 

9.2 Other information 
 No further relevant information available 
 
Section 10. Stability and reactivity 
 
10.1 Reactivity: No further relevant information available 
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10.2 Chemical Stability: Stable 

 
Thermal decomposition/conditions to be avoided: Avoid high temperature 

 
10.3 Possibility of hazardous reactions: No further relevant information available 
 
10.4 Conditions to avoid: Heat, flame and other source of ignition 
 
10.5 Incompatible materials: No specific information  
 
10.6 Hazardous decomposition products: No further relevant information available 
 
 
Section 11. Toxicological Information 
 
11.1 Information on toxicological effects:  

 
Section 12. Ecological Information 
 
12.1 Toxicity  

 
 
12.2 Persistence and degradability  

Product is fully biodegradable when release to the environment.  
 
12.3 Bio-accumulative potential  

Product is bio-accumulating  
 
12.4 Mobility in soil 

No further relevant information available 
 
12.5 Results of PBT and vPvB assessment  

 
PBT: Not applicable 
vPvB: Not applicable 
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12.6 Other adverse effects  

No further relevant information available. 
 
Section 13. Disposal Consideration 
 
13.1 Waste treatment methods:  

Disposal of in accordance with local, state and federal regulations. 
 

Recommendation: 
Must not be disposed together with household garbage. 

 
Uncleaned packaging: 
 
Recommendation: 
Disposal of in accordance with local, state and federal regulations. 

 
Recommended cleansing agent: Water 

 
Section 14. Transport Information 
 
14.1 UN number   Not applicable 
 
14.2 UN proper shipping name Liquid Phosphate 
 
14.3 Transport hazard class(es)  Not applicable 
 

Transport Labels 
 
 
 
 
 
 
 

Class:    Harmful 
 
14.4 Packing group   Not applicable 
 
14.5 Environmental Hazard 
 

Marine pollutant:   No 
 
14.6 Special precautions for user  
 

WARNING: None 
  

EMS Number: Unknown  
 
14.7 Transport in bulk according to Annex II of MARPOL 73/78 and the IBC code  

 
Not applicable 
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Section 15. Regulatory Information 
 
15.1 Safety, health and environmental regulations/legislation specific for the substance or 
mixture  
 

OSHA: 
OSHA Hazard Communication Status:  Hazardous 
 
TSCA: 
TSCA: The ingredient of this product are listed on the Toxic Substances Control Act (TSCA) 
Chemical Substances Inventory 
 
CERCLA: 
No CERCLA reportable quantity of EPA hazardous substances in product 
 
Chemical Name     RQ 
 
Product RQ: 0lb   (Notify EPA of product spills exceeding this amount) 
 

SARA title III: 
 
Section 302: Extremely hazardous Substances 

Chemical Name CAS # RQ IPC 
    

*There are no SARA 302 Extremely Hazardous Substances in this product 
 
 
Section 311 & 312: Health and Physical Hazards: 

Immediate Delayed Fire Pressure Reactivity 
[No] [No] [No] [No] [No] 

 
Section 313: Toxic Chemicals: 

Chemical Name Cas # % by weight 
   

*There are no SARA 313 Toxic Chemicals in this product 
 

15.2 Chemical safety assessment: 
A Chemical Safety Assessment has not been carried out. 
 

Section 16. Other Information 
 
HMIS: 
HMIS ratings: Health =2* Flammability =2  Reactivity =0 
 
HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 
 
Personal Protective Equipment =X (to be specified by user depending on use conditions) 
 
Carcinogenicity: 
NTP: No ingredients listed in this section 
IARC: No ingredients listed in this section 
OSHA: No ingredients listed in this section 
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NFPA: 
 

NFPA Ratings Health =2 Flammability =2 Reactivity =0 Special Hazard =None 
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 

 
Relevant Phrases 
 

Risk Phrase: 

R36 Irritating to eyes 

R38 Irritating to skin 

 
Safety Phrase: 

S3/9/49 Keep only in the original container in a cool, well-ventilated place 

 
 
 
Revision Date: 3 March 2015 
 
Revision: 1 
 
SDS No: 84-039-WT 
 



 

 

 

 

 

 

 

Ammonia 

 
 

 

 

 

 

 

 

 

 

 

 



1 - ขอ้มลูเกี
ยวกบัสารเคมแีละบรษิทัผูผ้ลติและจดัจําหนา่ย 

ชี
อทางการคา้ 

ชื
อทางเคมี 

สตูร 

การใชป้ระโยชน์

ชื
อเรียกอื
น 

บริษัท

เบอรโ์ทรศพัท ์

โทรสาร: 

แอมโมเนียมไฮดรอกไซค์  

AMMONIUM HYDROXIDE 

NH4OH 

วัตถุดิบในการผลิตป�ุย, อุตสาหกรรมฟอกหนัง Ammonia 

aqueous *   Ammonia water 27% *   Aqua ammonia 

บริษัท เอเช�ยีนไซเอนติฟิ ค จํากัด

66 2ึ7574515

66 23855210 

2 - องคป์ระกอบ/ขอ้มลูเกี
ยวกบัสว่นผสม 

ชี
อผลติภณัฑ ์ CAS # EC no 
AMMONIUM HYDROXIDE SOLUTION > 27% 1336-21-6 215-647-6 

สว่นประกอบ รอ้ยละ CAS # EC no Hazard 
นํFา < 73 7732-18-5 231-791-2 None 
AMMONIUM HYDROXIDE > 27 7664-41-7 231-635-3 Corrosive,Poison 

3 - ขอ้มลูเกี
ยวกบัอนัตราย 

ขอ้ชี>บง่สําหรบัอนัตรายตอ่มนุษยแ์ละสิ
งแวดลอ้ม 

  ทําใหเ้กดิแผลไหม.้  เป็นพษิมากตอ่สิXงมชีวีติในนํFา 

NFPA 

4 - มาตรการปฐมพยาบาล  

เมื
อสดูดมสาร 

ถา้สดูดมเขา้ไป, ใหย้า้ยผูป่้วยไปทีXทีXมอีากาศบรสิทุธิ].  ถา้ไมห่ายใจ ใหก้ารชว่ยหายใจ.  ถา้หายใจลําบาก, ให ้
ออกซเิจน.

เมื
อสมัผสัสาร

ในกรณีทีXถกูผวิหนัง, ใหล้า้งออกดว้ยนํFาปรมิาณมาก เป็นเวลาอยา่งนอ้ย 15 นาท.ี  ถอดเสืFอและรองเทา้ทีXเปืFอน

MATERIAL SEFETY DATA SHEET  

AMMONIAM  HYDROXIDE  27% MIN BY Wt.

สุขภาพ   = 3 

ความไวไฟ = 1 

ความไวในปฏิกริิยา = 0



สาร.  ไปพบแพทย.์ 

เมื
อสารเขา้ตา 

ในกรณีทีXเขา้ตา, ใหล้า้งดว้ยนํFาปรมิาณมาก เป็นเวลาอยา่งนอ้ย 15 นาท.ี  ตอ้งแน่ใจวา่ไดล้า้งตาอยา่งเพยีงพอ 

โดยใชน้ิFวมอืแยกเปลอืกตาออกจากกนัระหวา่งลา้ง.  ไปพบแพทย.์

เมื
อกลนืกนิ
 ถา้กลนืหรอืกนิเขา้ไป อยา่กระตุน้ใหเ้กดิอาการอาเจยีน ใหด้ืXมนํFาปรมิาณมากๆ หา้มมสิ ิXงใดเขา้ปากผูป่้วยทีX 
 หมดสต ินําสง่ไปพบแพทย์

5 - มาตรการการผจญเพลงิ

อุปกรณพ์จญเพลงิ 
เหมาะสม:   Carbon dioxide, ผงเคมแีหง้ หรอืโฟมทีXเหมาะสม. 

ความเสี
ยงเฉพาะ 

อนัตรายเฉพาะ:   ปลอ่ยควนัพษิออกมาภายใตส้ภาวะทีXเกดิไฟ. 

อุปกรณป้์องกนัพเิศษสําหรบัผูผ้จญเพลงิ
สวมเครืXองชว่ยการหายใจแบบครบชดุและเสืFอผา้ทีXใชป้้องกนั เพืXอป้องกนัการสมัผัสกับผวิหนังและดวงตา
การใชส้ารดบัเพลงิ

 กรณีเพลงิไหม ้- อนัดับแรกตอ้งอพยพพนักงานใหห้า่งออกไประยะ 1500 เมตร โดยรอบ 
 กรณีไฟไหมรุ้นแรง - ใชนํ้Fาสเปรยจั์บ หา้มฉดีไปตรงๆ ทีXสารเคม ีเพราะจะใหใ้หส้ารเคมกีระจายตวัมากขึFน
 กรณีเกดิไฟไหมถ้ังเก็บ - ใหใ้ชส้ารดบัเพลงิใหเ้หมาะสมกบัไฟทีXไหมแ้ละใชนํ้Fาจํานวนมากฉดีหลอ่เย็นไปทีXถังเก็บ

จนกวา่ไฟดบั หา้มฉดีตรงรอยรัXวหรอือปุกรณ์ระบบไอ ใหด้บัเพลงิในระยะไกลทีXสดุหรอืใชส้ายฉดีนํFาทีXไมใ่ชค้นถอืหรอื
ใชห้ัวฉดีทีXมรีะบบควบคมุ เมืXอไดย้นิเสยีงอปุกณณ์นริภัยระบายไอ หรอืเมืXอภาชนะบรรจเุปลีXยนส ีใหอ้อกจากบรเิวณนัFน
ทนัท ีหา้มยนือยูบ่รเิวณหัวหรอืทา้ยของทอ่หรอืภาชนะบรรจุ 

6 - มาตรการเมื
อมอีบุตัเิหตสุารหกร ั
วไหล 

ขอ้ควรปฏบิตัสํิาหรบับุคคลในกรณีที
หก หรอืร ั
วไหล

อพยพคนออกจากบรเิวณ. 

วธิป้ีองกนัภยัของบุคคล 

สวมอปุกรณ์ชว่ยหายใจแบบครบชดุ, รองเทา้บทู และถงุมอืยางแบบหนา.

วธิกีารทําความสะอาดหลงัการปนเปื> อน หรอืร ั
วไหล

ในการปรับคา่พเีอช เตมิกรดออ่นลงบนสารทีXหกรัXวไหลโดยคมุอตัราเร็วของการเตมิเพืXอหลกีเลีXยงการปลดปลอ่ย
แก๊สแอมโมเนยีทีXมากเกนิไป.  ใชส้ารดดูซบัเพืXอเก็บสารทีXหกรัXวไหล.

การร ั
วและการหก
กําจัดแหลง่ทีXกอ่ใหเ้กดิไฟทกุชนดิในบรเิวณนัFนทนัท ีอปุกรณ์ทีXใชท้ั Fงหมดตอ้งตอ่สารดนิ และไมทํ่าใหเ้กดิ
ประกายไฟ อยา่เดนิยํXาไปบนสารทีXหกรัXวไหล หยุดการรัXวไหลถา้ไมเ่สยีงทีXจะไดรั้บอนัตราย ใหฉ้ดีนํFาฝอยคลมุเพืXอ
ลดไอระเหย และอพยพพนักงานใตล้มใหห้า่งจากบรเิวณทีXเกดิเหตเุป็นระยะอยา่งนอ้ย 800  เมตร  

7 - ขอ้ปฏบตักิารใชส้ารและการเก็บรกัษา

ขอ้ปฏบิตักิารใชส้าร

คําแนะนําสําหรบัการปฏบิตัทิ ี
ปลอดภยั:   อยา่หายใจเอาไอระเหยเขา้ไป.  ระวงัอย่าใหเ้ขา้ตา, โดนผวิหนัง, หรอื
เสืFอผา้.  หลกีเลีXยงการไดรั้บสารเป็นเวลานานหรอืซํFาหลายครัFง.

การเก็บรกัษา 



สภาวะสําหรบัการเก็บ:   จัดเก็บในสถานะของเหลวทีXอณุภมูหิอ้ง มรีะบบอปุกรณ์ควบคมุไอระเหย ความดนั และแยกออก
จากสารเคมตีัวอืXนๆ ใหห้า่งจากชมุชน ตดิป้ายเตอืนใหเ้ห็นอยา่งเดน่ชดั หา่งจากแหลง่ทีXกอ่ใหเ้กดิไฟทกุชนดิ

8 - การควบคมุการสมัผสัสาร/ การป้องกนัสว่นบคุคล

การควบคมุเชงิวศิวกรรม

ฝักบวันริภัยและอา่งลา้งตา.  ใชใ้นตูด้ดูควนัสารเคมเีทา่นัFน.

สขุลกัษณะท ั
วไป 

ทําความสะอาดเสืFอผา้ทีXเปืFอนกอ่นนํามาใชใ้หม.่  ทิFงรองเทา้ทีXเปืFอน.  ลา้งใหส้ะอาดหลงัการสมัผัส.

เครื
องป้องกนัสว่นบุคคล

การป้องกนัทางเดนิหายใจ:   เครืXองชว่ยหายใจทีXผา่นการรับรองโดยรัฐ

การป้องกนัมอื:   ถงุมอืชนดิทีXทนสารเคม.ี 

การป้องกนัดวงตา:   แวน่ตาแบบกอ๊กเกลิสท์ีXป้องกนัสารเคม.ี

9 - สมบตัทิางเคมแีละกายภาพ 

ลกัษณะภายนอก 

สถานะทางกายภาพ:   ของเหลวใส ส:ี  ไมม่สี ี

สมบตั ิ คา่ ณ อุณหภูมหิรอืความดนั

พเีอช 11.6 

จดุเดอืด/ขว่งการเดอืด 36 
o
C 

จดุหลอมเหลว/ชว่งการหลอมเหลว -77 
o
C   

จดุวาบไฟ N/A 

ความไวไฟ N/A 

อณุหภมูลิกุตดิไฟดว้ยตนเอง 651 
o
C   

สมบตัอิอกซไิดซ์ N/A 

สมบตักิารระเบดิ N/A 

ขดีจํากดัการระเบดิ ตํXากวา่: 16 % 

สงูกวา่: 27 % 

ความดนัไอ 115 mmHg 20 
o
C   

ถพ./ความหนาแน่น 0.99 g/cm3 

สมัประสทิธิ]การแบง่สว่น N/A 

ความหนดื N/A 

ความหนาแน่นของไอ 1.2 g/l 

ความเขม้ขน้ไอระเหยเมืXออิXมตัว N/A 

อตัราการระเหย N/A 

ความหนาแน่นในสภาพเป็นกลุม่กอ้น (bulk density) N/A 

อณุหภมูสิลายตัว N/A 

สดัสว่นของตวัทําละลาย N/A 

สดัสว่นของนํFา N/A 

แรงตงึผวิ N/A 

การนําไฟฟ้า N/A 

ขอ้มลูเบ็ดเตล็ด N/A 

การละลาย N/A 



10 – ความเสถยีรและความวอ่งไวตอ่ปฏกิริยิา 

ความเสถยีร 

เสถยีร:   เสถยีร. 

สารที
ควรหลกีเลี
ยง:   ทองแดง,  โลหะผสมของทองแดง,  เหล็กชบุสงักะส,ี  สงักะส.ี

ผลติภณัฑอ์นัตรายที
เกดิจากการสลายตวั 

ผลติภณัฑอ์นัตรายที
เกดิจากการสลายตวั:   ไนโตรเจนออกไซด,์  แอมโมเนยี. 

ความเป็นไปไดใ้นการเกดิปฏกิริยิา เกดิปฎกิริยิาเคมรีุนแรง เมื
อสมัผสักบัสารตอ่ไปนี> เชน่ 

- กรด (Acids) 
- อลัดไีฮด ์(Aldehydes) เอไมด ์(Amides) 
- โบรอนเฮไลด ์(Boron Halides) 
- แคลเซยีม (Calcium) 
- คลอไรฟอรม์านดินัิม ไนเตรต (Chloroformanidinum Nitrate) 
- 1-คลอโร-2,4-ไดไนโตรเบนซนี (1-Chloro-2,4-Dinitrobenzene) 
- 2-คลอโรไนโตรเบนซนี (2-Chroronitrobenzene)

- โครเมยีมไตรออกไซด ์(Chromium Trioxide) 

- โครมลิ คลอไรด ์(Chromyl Chloride) 

- ไดเอมนีโบโรเนยีม เฮบตาไฮโดรเตตราโบเรต (Diamineboronium Heptahydrotetraborate ) 

- ไดเมทลิซลัเฟต (Dimethyl Sulfate)

- ฮาโลเจน (Halogens) 

- เฮกซาคลอโรเมลามนี (Hexachloromelamine) เป็นตน้ 

11 - ขอ้มลูทางพษิวทิยา 

หมายเลข RTECS: BQ9625000 

พษิเฉยีบพลนั

LD50 หนู rat 350 mg/kg 

ขอ้สงัเกต:  ระบบทางเดนิอาหาร:  การเปลีXยนแปลงอืXนๆ.  ตบั:  การเปลีXยนแปลงอืXนๆ.  ไต, ทอ่ไต, กระเพาะปัสสาวะ  การ
เปลีXยนแปลงอืXนๆ. 

ขอ้ชี>บง่และอาการของการไดร้บัสาร

สารนีFกอ่ใหเ้กดิอนัตรายอย่างรา้ยแรงตอ่ เยืXอเมอืก, ระบบทางเดนิหายใจสว่นบน, ดวงตา, และผวิหนัง.  การสดูดมอาจทํา
ใหเ้กดิการหดเกร็งของกลา้มเนืFอ อักเสบ การบวมนํFาของ larynxand bronchi, chemical pneumonitis และอาการบวมนํFาทีX
ปอด.  อาการทีXเกดิจากการไดรั้บสารนีFอาจไดแ้ก ่รูส้กึแสบรอ้น, ไอ, หายใจมเีสยีง, หลอดลมตอนบนอกัเสบ, หายใจถีX,
ปวดหัว,คลืXนไส,้ และอาเจยีน. 

วถิทีางที
ไดร้บัสาร 

การสมัผสัทางผวิหนงั:   ทําใหเ้กดิแผลไหม.้

การดดูซมึทางผวิหนงั:   อาจเป็นอนัตรายหากถกูดดูซมึผ่านผวิหนัง.

การสมัผสัทางตา:   ทําใหเ้กดิแผลไหม.้  สารทีXทําใหนํ้Fาตาไหล.

การสูดดม:   อาจเป็นอนัตรายหากสดูดม.  สารนีFทําใหเ้นืFอเยืXอของเยืXอเมอืกและบรเิวณทางเดนิหายใจสว่นบนถูกทําลาย
อยา่งรุนแรงมาก. 

การกลนืกนิ:   เป็นอนัตรายเมืXอกลนืกนิ. 

12 - ขอ้มลูเชงินเิวศน์

ผลทางการเป็นพษิเชงินเิวศวทิยา



ประเภทการทดสอบ:   LC50 ปลา 

ระยะเวลา:   96 ช.ม. 

คา่ (ความเป็นพษิ):   < 1 mg/l 

13 – มาตรการการกาํจดั

การกําจดัสาร 

ในการกําจัดสารตดิตอ่ผูใ้หบ้รกิารกําจัดขยะซึXงมใีบประกอบอาชพี.  ละลายหรอืผสมสารกบัตวัทําละลายซึXงไหมไ้ฟไดแ้ละ
เผาในเตาเผาสารเคมซีึXงตดิตั FงเครืXองเผาทําลายสารคารบ์อนเพืXอลดมลพษิและเครืXองฟอก.  ใหต้รวจสอบขอ้บงัคบัดา้น
สิXงแวดลอ้มของรัฐบาลกลาง, รัฐ และทอ้งถิXน. 
ขอ้พจิารณาในการกําจัด 
นํFามันหลอ่ลืXนทีXถา่ยออกมาจากระบบทําความเย็นทีXมแีอมโมเนยีปนอยู ่ตอ้งสง่กําจัดโดยผูป้ระกอบกจิการทีXไดรั้บอนุญาต 

14 - ขอ้มลูการขนสง่

ชื
อที
ใชใ้นการขนสง่       Ammoniam Hydroxide 
หมายเลขสหประชาชาต ิ (UN Number)  2672 

ประเภท         8

มลภาวะตอ่ทะเล:   ไม ่

มลภาวะตอ่ทะเลข ั>นรุนแรง:   ไม ่

การบรรจแุบบป้องกนัอนัตรายจากการสูดดมกลุม่ที
 1:   ไม่ 

15 - ขอ้มลูเกี
ยวกบัขอ้กาํหนด 

การจําแนกประเภท และการตดิฉลากตามคําส ั
งของ GHS

GHS Pictogram 

GHS Signal Word  
 Danger 

GHS H statment  
 H335: มผีลตอ่ระบบทางเดนิหายใจ 
H400: มพีษิตอ่สิXงมชีวีติในนํFา 

H314: มผีลกระทบตอ่ผวิหนังและดวงตา 

GHS P statment  
 P301 + P330 + P331: ถา้กลนืกนิ: บว้นปากหา้มทําใหอ้าเจยีน 

P280:  สวมใสอ่ปุกรณ์ป้องกนัภัยสว่นบคุคล 
P305 + P351 + P338: ถา้เขา้ตา:ใชนํ้Fาลา้งตาในปรมิาณทีXมากและตอ่เนืXองหลายนาท ี

P310: ตดิตอ่เจา้หนา้ทีXหรอืแพทยโ์ดยทนัท ี
P261: หลกีเลีXยงการหายใจ ฝุ่ น/ฟมู/แก๊ส/ละออง 

P273: หลกีเลีXยงการปนเปืFอนสิXงแวดลอ้ม 



 
  

16 - ขอ้มลูอื
นๆ 

การรบัประกนั 
 

  

เป็นทีXเชืXอวา่ขอ้ความขา้งตน้มคีวามถกูตอ้ง แตไ่มย่นืยันวา่เป็นขอ้มลูทีXครบถว้นสมบรูณ์ และพงึใชเ้พืXอเป็นแนวทาง
เทา่นัFน.  ขอ้ความในเอกสารนีFมาจากความรูท้ีXมอียูใ่นปัจจุบนั และใชไ้ดก้ับผลติภัณฑโ์ดยประกอบกับการระมัดระวงัความ
ปลอดภัยทีXเหมาะสม.  ไมไ่ดแ้ทนการรับประกนัคณุสมบตัใิด ๆ ของผลติภัณฑ.์  บรษัิท เคมคีลัส ์แอนด ์อาโรเมตกิ 
(ประเทศไทย) จํากดั จะไมรั่บชดใชค้า่เสยีหายใด ๆ ทีXเกดิขึFนจากการใชง้านหรอืการสมัผัสสารขา้งตน้.  ใหด้หูนา้หลงัของ
ใบสง่ของหรอืแผน่การบรรจุสารสาํหรับขอ้ความเพิXมเตมิและขอ้กําหนดการขาย 

  

ขอ้จํากดัความรบัผดิชอบ 
 

  สาํหรับการวจัิยและพัฒนาเทา่นัFน.  ไมใ่หใ้ชเ้ป็นยา ในบา้นเรอืน หรอืเพืXอวตัถปุระสงคอ์ืXน ๆ 
   

   



 

 

 

 

 

 

 

Oxygen Scavenger 
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SAFETY DATA SHEET 

Section 1. Identification of the substance/mixture and of the company/undertaking 
 
1.1 Product Identifier 

Trade Name:   VRB ASCOBI (EB 86027 CIT ) 
Chemical Description: Stabilized L Ascorbic Acid 

 Product Division: Corrosion Inhibitor 
Product Class:  Water Treatment  
Document Code: EBC-86027-WT 
 

1.2 Relevant Identified uses of the substance or mixture and uses advised against: 
N/A 

 
1.3 Details of the supplier of the safety data sheet 

Eastboard Chemicals Sdn Bhd 
5, Lorong Perusahaan Sungai Lokan 3/3 

 13800 Butterworth, Penang 
 

1.4 Emergency telephone number:  
Tel: 04-356 4632 
 

Section 2. Hazards Identification 
 
2.1 Classification of the substance of mixture classification according to Regulation (EC) 

 
 

Warning 
 
H302  Harmful if swallowed 

   
 
Classification according to Directive 67/548/EEC 
 
 
   Harmful 
 
   R28  Harmful if Swallowed 
 
 
Hazard description: Harmful 
 
Information concerning particular hazards for human and environment: N/A 
 
Classification System: N/A 
 

2.2 Label Elements 
 
Hazard pictograms 
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Signal word: Harmful   
 
Hazard-determining components of labelling: 
L Ascorbic Acid 
 
Hazard Statements: 
H302  Harmful if swallowed  
H315  Causes skin Irritation 
 
Precautionary Statements: 
P270  Do not eat, drink or smoke when using this product 
P403 +P235 Store in a well ventilated place. Keep cool. 
 

2.3 Other Hazards 
 

PBT:  Not Applicable 
vPvB:  Not Applicable 

 
 
Section 3. Composition/Information on Ingredients 
 
3.1 Chemical Composition 
 

Chemical Name CAS Number % by weight 
L Ascorbic Acid 50-81-7  >10% 

 
3.2 Chemical Characterization: MIXTURES 
 
 Dangerous Components: 
 

Chemical Name CAS Number % by weight 
   

 *No Components listed above 
 
Section 4: First Aid Measures 
 
4.1 Description of first aid measures: 
 

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Seek 
medical aid immediately. 

 
Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while 

removing contaminated clothing and shoes.  
  
Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek medical aid 

immediately. Never give anything by mouth to an unconscious person. 
 
Note to physician: Not applicable 
 
Inhalation: If inhaled, remove to fresh air.  

 
4.2 Most important symptoms and effect, both acute and delayed: 
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Eye Contact: Eye contact with this product can cause eye irritation. 

 
Skin Contact: Skin contact with this product is can cause skin irritation.  

  
Ingestion: This product would be regarded as non-toxic if swallowed. 

 
Inhalation: Not a route of entry. 

 
4.3 Indication of any immediate medical attention and special treatment needed: 

 
Not applicable information was found concerning any potential health effects resulting from sub-chronic or 
chronic exposure to the product.  

 
Section 5: Fire-Fighting Measures 
 
5.1 Extinguishing Media:  Use extinguishing media appropriate for the surrounding fire. 
 
5.2 Special Hazards arising from the substance or mixture: 
 

Unusual Fire & Explosion Hazard: This product is noncombustible 
 
5.3 Advice for firefighters: 
 

Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-contained 
breathing apparatus and protective clothing must be worn in case of fire. 

 
Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet. 

 
Section 6. Accidental Release Measures 
  
6.1 Personal Precautions, protective equipment and emergency procedures 

For personal protection, see section 8. 
 
6.2 Environmental precautions 

Not required. 
 
6.3 Methods and material for containment and cleaning up 

Steps to be taken if material is released or spilled: Wear appropriate protective clothing. Isolate leaking 
containers and stop leak if safe to do so. Whenever practical, transfer spilt material to suitable containers 
Flush to sewer with copious quantities of water.  
 

6.4 Reference to other sections 
For personal protection, see section 8. For waste disposal, see section 13 

 
Section 7. Handling and storage 
 
7.1 Precautions for safe handling 

Provide good ventilation, Avoid spilling, skin and eye contact. 
 

Information about fire – and explosion protection: 
No special measures required. 
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7.2 Conditions for safe storage, including any incompatibilities 
Store in tightly closed original container in a dry, cool and well ventilated place. 
 
Storage requirement to be met by storerooms and receptacles: No special requirement 

 
 
 

Information about storage in one common storage facility: Not required. 
 
Further information about storage conditions: Keep container tightly sealed. 

 
7.3 Specific end use(s) 

No further relevant information available. 
 
Section 8. Exposure Controls/ Personal Protection 
 
Additional information about design of technical facilities: No further data; see item 7 
 
8.1 Control parameters 

Chemical Name % by 
weight 

OSHA PEL ACGIH TLV 

L Ascorbic Acid >10% Not available Not available 
 *Note:  WEL = Workplace Exposure Limit = Value x (% by weight) 
  WEL limits are supplier’s recommendations 
  
8.2 Exposure controls 
 

Protective equipment 
 

 
 
 
 
 
 
 
Process conditions 
Eye wash station and safety shower should be accessible in the immediate area of use. 

 
Engineering measures 
Provide sufficient ventilation at workplace. 

 
Respiratory equipment 
Not required 

 
Hand protection 
Chemical resistant glove is required for prolonged or repeated contact. 

 
Eye protection 
Not Necessary 

 
Other protection 
Not Necessary 
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Hygiene measures 
Wash hand at the end of each work shift and before eating, smoking and use the toilet, Wash promptly if 
skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA. 

 
 
 
 
 
Section 9. Physical and chemical Properties 
 
9.1 Information on basic physical and chemical properties 
 

General information 
Appearance and odor:  Free-flow Liquid 
Color:    Colorless 
Odor:    Characteristic odor 
pH (1% solution)  2.6  
Density/ Specific Gravity: 1.09 

 Bulk Density   Not applicable 
Solubility/Miscibility in water:  Complete 
Vapor Pressure:   Not applicable 
Vapor Density (air =1)  Not applicable 

 Viscosity:   Not applicable 
% volatile by weight (VOC): Nil 

 Solvent content: 
  Water:   <90% 
  Organic Solvent  Nil 
 Solid Content:   >10% 
 
Change in condition 

 
Flash point:    Not applicable   
Flammability (solid, gaseous) Non flammable 
 
Lower Flammable Limit:  Not applicable 
Upper Flammable Limit:  Not applicable 
Auto-ignition Temperature:  Product is not self-igniting 

 Ignition Temperature:  Not applicable 
Decomposition Temperature: Not determined 
Danger of Explosion  This product does not present an explosion hazard 
 
Boiling Point:   105oC 
Freezing point:   -5oC 
 

9.2 Other information 
 No further relevant information available 
 
Section 10. Stability and reactivity 
 
10.1 Reactivity: No further relevant information available 
 
10.2 Chemical Stability: Stable. 
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Thermal decomposition/conditions to be avoided: Avoid high temperature 

 
10.3 Possibility of hazardous reactions: No further relevant information available 
 
10.4 Conditions to avoid: Heat, flame and other source of ignition 
 
10.5 Incompatible materials: No specific information 
 
10.6 Hazardous decomposition products: No further relevant information available 
Section 11. Toxicological Information 
 
11.1 Information on toxicological effects:  
 

On Product & Ingredient: 
Test material Oral LD50 (rat) Dermal LD50(rabbit) Inhalation LD50 (rat) 
Product LD50 = 11900 mg/kg Not available Not available 

 
Primary irritant effect: 
Area Effect 
Eye No information available
Skin No information available
Sensitization No information available 
 
Additional toxicological information: 
No information available 
 

Section 12. Ecological Information 
 
12.1 Toxicity  

Test Material Aquatic Toxicity/Data 
On product No data available 
Environmental Data No data available 

 
12.2 Persistence and degradability  

Product is fully biodegradable when release to the environment 
 
12.3 Bio-accumulative potential  

Product is not bio-accumulating  
 
12.4 Mobility in soil 

No further relevant information available 
 
12.5 Results of PBT and vPvB assessment  

 
PBT: Not applicable 
vPvB: Not applicable 

 
12.6 Other adverse effects  

No further relevant information available.  
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Section 13. Disposal Consideration 
 
13.1 Waste treatment methods:  

Disposal of in accordance with local, state and federal regulations. 
 

Recommendation: 
Must not be disposed together with household garbage. 

 
Uncleaned packaging: 
 
Recommendation: 
Disposal of in accordance with local, state and federal regulations. 

 
Recommended cleansing agent: Water 

 
Section 14. Transport Information 
 
14.1 UN number   Not Regulated 
 
14.2 UN proper shipping name Liquid Corrosion Inhibitor 
 
14.3 Transport hazard class(es)  Not Regulated 
 

Transport Labels 
 
 
 
 
 
 
 

Class:    Harmful 
 
14.4 Packing group   Not Regulated 
 
14.5 Environmental Hazard 
 

Marine pollutant:   No 
 
14.6 Special precautions for user  
 

WARNING: None 
  

EMS Number: Unknown  
 
14.7 Transport in bulk according to Annex II of MARPOL 73/78 and the IBC code  

 
Not applicable 

 
 
Section 15. Regulatory Information 
 
15.1 Safety, health and environmental regulations/legislation specific for the substance or mixture  
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OSHA: 
OSHA Hazard Communication Status: Non Hazardous 
 
TSCA: 
TSCA: The ingredient of this product are not listed on the Toxic Substances Control Act (TSCA) Chemical 
Substances Inventory 
 
CERCLA: 
CERCLA reportable quantity of EPA hazardous substances in product 
 
Chemical Name     RQ 
 
Product RQ: N/A   (Notify EPA of product spills exceeding this amount) 
 
 

SARA title III: 
 
Section 302: Extremely hazardous Substances 

Chemical Name CAS # RQ IPC 
    

*There are no SARA 302 Extremely Hazardous Substances in this product 
 
Section 311 & 312: Health and Physical Hazards: 

Immediate Delayed Fire Pressure Reactivity 
[No] [No] [No] [No] [No] 

 
Section 313: Toxic Chemicals: 

Chemical Name Cas # % by weight 
   

*There are no SARA 313 Toxic Chemicals in this product 
 

15.2 Chemical safety assessment: 
A Chemical Safety Assessment has not been carried out. 
 

Section 16. Other Information 
 
HMIS: 
HMIS ratings: Health =1* Flammability =0  Reactivity =0 
 
HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 
 
Personal Protective Equipment =X (to be specified by user depending on use conditions) 
 
Carcinogenicity: 
NTP: No ingredients listed in this section 
IARC: No ingredients listed in this section 
OSHA: No ingredients listed in this section 
 
NFPA: 
 

NFPA Ratings Health =0 Flammability =0 Reactivity =0 Special Hazard =None 
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 
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Relevant Phrases 
 

Risk Phrase: 

R36 Irritating to eyes 

R38 Irritating to skin 

 
Safety Phrase: 

S3/9/49 Keep only in the original container in a cool, well-ventilated place 

 
 
Revision Date: 3 March 2017 
 
Revision: 2 
 
SDS No: 86027-WT 



 

 

 

 

 

 

 

Sodium Hypochlorite 

 
 

 

 

 

 

 

 

 

 

 

 



 

1. Identification of the substance or mixer and of the supplier 
Product Name : Sodium Hypochlorite 10% 
Use(s) : 

Type of industry - Pulp and Paper, Starch, synthetic, chemical cleaning, and water treatment. 
Type of application - Disinfectants, bleach, fabric, chemicals for detergents general. 

Manufacturer Name : Siam PVS Chemicals Co.,Ltd. 
Address : 403 Bangpoo Industrial Estate, Preaksa, Muang, Samutprakarn 10280, Thailand 
Telephone : (66) 2323 9980-1 Fax : (66) 2323 9188 
Web Site : www.siampvs.com 

  
2. Hazard identification 

Classification of Substance 

 Skin Corrosion/irritation (Category 1) 

 Serious eye damage/eye irritation (Category 1) 

 Specific Target Organ Toxicity – Single exposure (Category 3) 

 Hazardous to Aquatic Environment (Category : Acute 1) 

 Hazardous to Aquatic Environment (Category : Chronic 1) 
Pictograms GHS 

  

  

 

  

Signal Word     Danger 
Hazard Statements 

 Causes severe skin burns and eye damage 

 Causes serious eye damage 

 May cause drowsiness and dizziness 

 Very toxic to aquatic life 

 

Sodium Hypochlorite SAFETY DATA SHEET 

http://www.siampvs.com/


 Very toxic to aquatic life with long lasting effects 
Precautionary Statements 

 Avoid skin contact or eyes. 

 Use only outdoors or in well-ventilated area. 

 Avoid breathing dust/fume/gas/mist/vapors/spray. 

 Wash hands thoroughly after handling 

 Wear protective gloves/clothing and eye/face protection 

 Clean up spilled substances immediately. 

 Neutralize spilled substances. With sodium sulfite. To prevent chlorine gas.The residual    
               washing liquid with water in large quantities. 

 Avoid release to the environment 
  

3. Composition/information on ingredients 
Product Name : Sodium Hyporite Molecular Formular: NaOCl 
U.N. Number : 1791 E.C.Number : 231-668-3 

Substance CAS No. Content 

Sodium Hyporite 7681-52-9 10.5% 

NaCl 7647-14-5 12% 

NaOH 1310-73-2  1.5 % 

H2O 7732-18-5 76% 

  
4. First-aid measures 

 IF IN EYES: Rinse cautiously with water for 15 minutes. Remove contact lenses, if present and easy to 
do.Continue rinsing. If eye irritation persists, get medical advice/attention. 

 IF INHALED: Remove to fresh air and keep at rest in a position comfortable for breathing. 

 IF ON SKIN (or hair): Remove/Take off immediately all contaminated clothing. 
Rinse skin with water/shower for 15 minutes. Wash contaminated clothing before reuse. 

 IF SWALLOWED: Rinse mouth. Do NOT induce vomiting 
  

5. Fire-fighting measures 
Suitable extinguishing media: water, dry chemical 
Hazards caused by the chemicals 



 Flammability: This product not flammable. But when the heat caused 
decomposition to chlorine gas. 

Special protective equipment for fire fighting: Resparatory Protection Wearing half mask respirator or Full Face 
Mask-Canister Respirator or SCBA. 

  
6. Accidental release measures 
Personal precautions. Personal protective equipment. And emergency procedures 

 Isolate the hazard area and that are involved in the area. 

 Water spray covered to dilute the smell. 

 Absorb with sand lime leaks and keep the container sealed for disposal. 

 Wear respiratory protection. 

 Provide adequate ventilation. 
Environmental precautions. 

 Be careful not to spill chemicals into the sewers. And pump the 
substance contained in polyethylene container avoid heat and contamination with an acidic. 

 Wastewater contaminated 
with sodium hypochlorite before disposal a neutral treatment using Bisulphites or Ferrous Salt 
Solutions, which is an exothermic reaction. Then diluted with water. Disposal must be in 
accordance with the law in order to have a minimal impact on the environment. 

  
7. Handling and storage 
Precautions for handling and storage 

 Avoid exposure when using. Must wear appropriate personal protective equipment 
Storage conditions 

 Store in corrosive resistant. 

 Store container tightly closed in well-ventilated place 

 Do not store with acids, metals, chemicals or substances can cause a reaction 

 Containers are clearly labeled. Transport and storage containers must be strong. Do 
not store near a chemical reaction can occur 

 Do not take This product mixed or contaminated 
with acid, ether, ammonia, alcohol, or do Hydrocarbons Contaminated containerscontaining che
micals to other chemicals. 



 
 
  

8. Exposure controls/personal protection 
Exposure Standards (TLVs) 

 TLVs-TWA : 1 ppm or 3 mg./m3 
  
Engineering Controls 

 Use in well ventilated areas 
 

Personal Protective Equipment 
  

  

 

Hand protection Respiratory Protection Protective clothing 

  

  

Eye Protection Safety Shoes 
  
  

9. Physical and chemical properties 
1. Appearance: Clear liquid light yellow or yellow-green 
2. Odour : Pungent smell like chlorine 
3. Odour threshold: N/A 
4. pH : 12 @100 gm/l 
5. melting point/freezing point : -25?C 
6. initial boiling point and boiling range: >100oC 
7. flash point : N/A 
8. evaporation rate: N/A 



9. flammability : N/A 
10. upper/lower flammability or explosive limits (%, v/v): 

Lower Explosion Limit : N/A Upper Explosion Limit: N/A 
11. vapour pressure : 17.5 mm Hg @ 20?C 
12. vapour density (Air = 1) : N/A 
13. relative density (water = 1) : N/A 
14. solubility(ies) : 100% 
15. partition coefficient: noctanol/water (Log Kow): N/A 
  
16. auto-ignition temperature: N/A 
17. decomposition temperature: > 110? C (230? F) @ 760 mmHg 
18. Viscosity: N/A 

  
10. Stability and reactivity 
Chemical Stability Stable under recommended storage conditions 
Conditions to Avoid Stability of the material is reduced when exposed to heat, light 
Material to Avoid Strong acids, strong oxidizing agents, heavy 

metals, reducing agents, ammonia, ether, the organic and inorganic substancessuch 
as paint thinner, kerosene and lacquer. 

Decomposition Decomposes chlorine gas 
  
11. Toxicological information 
Acute Toxicity (Ingestion) LD50 (Ingestion): 5800 mg/kg (mouse) 

TDLo (Ingestion): 1 gm/kg (woman) 
TDLo (Intravenous): 45 mg/kg (man) 
Decomposes chlorine gas 

Toxicological Information 
Inhalation : Cause irritation to the mucous membranes of the respiratory tract. If you can get plenty 

of burns in the airways. Causedyspnea. 
Skin : Irritation. The red rash on the skin 
eye : Cause severe irritation. May lead to blindness 



Systemic effects : Effects of Overexposure Short-term. Have corrosive effects cause irritation to eyes, 
skin and respiratory tract severely. Ifswallowed or inhaled. Be dangerous to the lungs. May cause 
lung inflammation. And can cause burns to the mouth and gastrointestinal tract. Aburning pain in the stomach. 

Carcinogenicity : There are no reports that this substance causes cancer 
12. Ecological information 
Atmosphere Decomposes to chlorine gas, which is toxic 
Soil If released to soil, it is absorbed quickly into the soil. And may absorbed into groundwater, affecting an 

organism 
Potential for bioaccumulation No potential for bioaccumulation 
Toxicity to fish Severely toxic to aquatic life. Experiments on the effects of the 0.5% to more than 96 

hours in the dead fish 
  
13. Disposal considerations 
Dispose of in accordance with relevant local legislation. 

  
14. Transport information 

Transport with large container N/A 

 
  
  
  
  
International Air Transport Association (IATA) 
Shipping Name : Sodium Hypochlorite Solution U.N. No. 1791 
DG Class 8 

PG III 
Agreement on Dangerous Goods by Road / Regulations concerning the Intl Transport of Dangerous Goods by Rail 

(ADR/RID) 
Shipping Name : Sodium Hypochlorite Solution U.N. No. 1791 
DG Class 8 

PG III 
The International Maritime Dangerous Goods (IMDG) 



Shipping Name : Sodium Hypochlorite Solution U.N. No. 1791 
DG Class 8 

PG III 
  

15. Regulatory information 
Thailand 

1. Ministry of Industry, Thailand: Hazardous Substances Act. And announcements related. 

 Assigned as a hazardous materials Category 1 of the list A. The responsibility of the Department 
of Industrial Works (Hazardous materials to manufacture, import, export or possession must comply 
with the rules and procedures prescribed) 

 Assigned as a hazardous materials of the list A. The responsibility of the Food and Drug 
Administration. Products used fordisinfection purposes or eliminate the smell in the pool. 

 Assigned as a hazardous materials of the list A. The responsibility of the Department of Fisheries. 
For fishery products andaquaculture. For the purpose of controlling insect parasitic microorganisms, 
plants or animals. 

2. Ministry of Labour : Notification of Department Labour Protection and 
Welfare. Determination of chemical types B.E.2535 N0.1395 

  
16. Other information 
Revised 19 September 2012 
Reference 

http://www.chemtrack.org 
Globally Harmonized system of classification and labelling of chemicals (GHS) third revised 

Cogee Chemicals, Merck Chemicals 
Chemical Data Bank of Pollution Control Department, Bangkok, Thailand 
GHS Classification of NITE 
 

http://www.chemtrack.org/
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Version No: 1, Revision: 3 March 2015 

SAFETY DATA SHEET 

Section 1. Identification of the substance/mixture and of the company/undertaking 

1.1 Product Identifier 
Trade Name: CoolPerse (EB 80206) 
Chemical Description: Aqueous solution of corrosion and deposit control
Product Division: Cooling Tower Dispersant 
Product Class: Water Treatment 
Document Code: 3625-02-206-01 

1.2 Relevant Identified uses of the substance or mixture and uses advised against: 
N/A 

1.3 Details of the supplier of the safety data sheet 
Eastboard Chemicals Sdn Bhd 
5, Lorong Perusahaan Sungai Lokan 3/3 
13800 Butterworth, Penang 

1.4 Emergency telephone number: 
Tel: 04-356 4632 

Section 2. Hazards Identification 
2.1 Classification of the substance of mixture classification according to Regulation 
(EC) 

2.2 Label Elements 
Hazard-determining components of labelling: 
Sodium Polyacrylate 
Hazard Statements: 
H302 Harmful if swallowed 
H315 Causes skin Irritation 
Precautionary Statements: 
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P270 Do not eat, drink or smoke when using this product 
P403 +P235 Store in a well ventilated place. Keep cool. 

 
2.3 Other Hazards 

PBT: Not Applicable 
vPvB: Not Applicable 

 
 
Section 3. Composition/Information on Ingredients 

 
 
Section 4: First Aid Measures 
 
4.1 Description of first aid measures: 
 
Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 
minutes. Seek medical aid immediately. 
Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 
minutes while removing contaminated clothing and shoes. Seek medical aid immediately. 
Wash clothing before reuse. 
Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek 
medical aid immediately. Never give anything by mouth to an unconscious person. 
Note to physician: Not applicable 
Inhalation: If inhaled, remove to fresh air. 
 
4.2 Most important symptoms and effect, both acute and delayed: 
 
Eye Contact: Eye contact with this product can cause eye damage if not treated 
immediately. 
Skin Contact: Skin contact with this product is can cause skin irritation. 
Ingestion: This product would be regarded as non-toxic if swallowed. 
Inhalation: Inhalation of vapor or mist can cause headache, nausea, irritation of nose, throat 
and lungs. 
 
4.3 Indication of any immediate medical attention and special treatment needed: 
 
Not applicable information was found concerning any potential health effects resulting from 
sub-chronic or chronic exposure to the product. 
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Section 5: Fire-Fighting Measures 
 
5.1 Extinguishing Media: Use extinguishing media appropriate for the surrounding fire. 
 
5.2 Special Hazards arising from the substance or mixture: 

 
Unusual Fire & Explosion Hazard: This product is noncombustible 

 
5.3 Advice for firefighters: 
 
Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-
contained breathing apparatus and protective clothing must be worn in case of fire. Keep 
run-off water out of sewers and water sources, Dike for water control. 
 
Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet. 
 
 
Section 6. Accidental Release Measures 
 
6.1 Personal Precautions, protective equipment and emergency procedures 

For personal protection, see section 8. 
 
6.2 Environmental precautions 
Avoid discharge product as neat into drains, water courses or onto the ground. 
 
6.3 Methods and material for containment and cleaning up 
Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear 
appropriate protective clothing. Isolate leaking containers and stop leak if safe to do so. 
Whenever practical, transfer spilt material to suitable containers Flush to sewer with copious 
quantities of water. 
 
6.4 Reference to other sections 
For personal protection, see section 8. For waste disposal, see section 13 
 
 
Section 7. Handling and storage 
 
7.1 Precautions for safe handling 
Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapors. 
 
Information about fire – and explosion protection: 
No special measures required. 
 
7.2 Conditions for safe storage, including any incompatibilities 
Store in tightly closed original container in a dry, cool and well ventilated place. 
Storage requirement to be met by storerooms and receptacles: No special requirement 
Information about storage in one common storage facility: Not required. 
Further information about storage conditions: Keep container tightly sealed. 
 
7.3 Specific end use(s) 
No further relevant information available. 
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Section 8. Exposure Controls/ Personal Protection 
Additional information about design of technical facilities: No further data; see item 7 
 
8.1 Control parameters 
 

 
 
8.2 Exposure controls 
 
Protective equipment 

 
 
Process conditions 
Eye wash station and safety shower should be accessible in the immediate area of use. 
Engineering measures 
Provide sufficient ventilation at workplace. 
Respiratory equipment 
If airborne concentration exceeds published exposure limits, use a NIOSH approved 
respirator in accordance with OSHA respiratory protection requirements (29 CFR 1910.134) 
Hand protection 
Chemical resistant glove is required for prolonged or repeated contact. 
Eye protection 
Chemical splash goggles and face shield 
Other protection 
Not Necessary 
Hygiene measures 
Wash hand at the end of each work shift and before eating, smoking and use the toilet, 
Wash promptly if skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA. 
 
Section 9. Physical and chemical Properties 
 
9.1 Information on basic physical and chemical properties 

General information 
Appearance and odor:  Free-flow liquid 
Color:     Yellow to Amber 
Odor:     Characteristic odor 
pH as solution   8.0 to 9.0 
Density/ Specific Gravity:  1.10 
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Bulk Density    Not applicable 
Solubility/Miscibility in water: Complete 
Vapor Pressure:   Not applicable 
Vapor Density (air =1)  0.62 
Viscosity:    Not applicable 
% volatile by weight (VOC):  Nil 
Solvent content: 

Water:    Nil 
Organic Solvent  Nil 
Solid Content:  20% 

 
Change in condition 

Flash point:     Not applicable 
Flammability (solid, gaseous)  Non flammable 
Lower Flammable Limit:   Not applicable 
Upper Flammable Limit:   Not applicable 
Auto-ignition Temperature:   Product is not self-igniting 
Ignition Temperature:    Not applicable 
Decomposition Temperature:  Not determined 
Danger of Explosion   This product does not present an explosion hazard 
Boiling Point:     100 C 
Freezing point:        0 C 

 
 
9.2 Other information 
 
No further relevant information available 
 
Section 10. Stability and reactivity 
 
10.1 Reactivity: No further relevant information available 
10.2 Chemical Stability: This material is considered stable. However, avoid temperatures  
above 177 C, the onset of polymer decomposition. 
Thermal decomposition/conditions to be avoided: Heat, flame and other source of 
ignition 
 
10.3 Possibility of hazardous reactions: No dangerous reactions known 
10.4 Conditions to avoid: Heat, flame and other source of ignition 
10.5 Incompatible materials: Strong oxidizers 
10.6 Hazardous decomposition products: Thermal decomposition or combustion may 
produce acrylic monomers, potassium oxide and phosphorous oxide. 
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Section 11. Toxicological Information 
 
11.1 Information on toxicological effects: 
On Product & Ingredient: 

 

 
 
Additional toxicological information: 
A 13 weeks inhalation study in rats of a compositionally similar polycarboxylate material 
showed inflammatory effects in the lung at concentration of 5 mg/m3 for 6 hours per day, 5 
days per week. The no observed-effect level for this response was judged to be 1 mg/m3. 
Maintaining airborne concentrations within the recommended exposure limit is not expected 
to produce adverse effect within the lungs. 
 
 
Section 12. Ecological Information 
12.1 Toxicity 

             

 
 
12.2 Persistence and degradability 
Product is fully biodegradable when release to the environment 
 
12.3 Bio-accumulative potential 
Product is not bio-accumulating 
 
12.4 Mobility in soil 
No further relevant information available 
 
12.5 Results of PBT and vPvB assessment 

PBT: Not applicable 
vPvB: Not applicable 

12.6 Other adverse effects 
No further relevant information available. 
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Section 13. Disposal Consideration 
 
13.1 Waste treatment methods: 
Disposal of in accordance with local, state and federal regulations. 
Recommendation: 
Must not be disposed together with household garbage. 
 
Uncleaned packaging: 
Recommendation: 
Disposal of in accordance with local, state and federal regulations. 
Recommended cleansing agent: Water 
 
 
Section 14. Transport Information 
 
14.1 UN number    Not applicable 
14.2 UN proper shipping name  Dispersing Polymer 
14.3 Transport hazard class(es)  Not applicable 
 

 
 
14.4 Packing group Not applicable 
14.5 Environmental Hazard 

Marine pollutant: No 
14.6 Special precautions for user 

WARNING: None 
EMS Number: Unknown 

 
14.7 Transport in bulk according to Annex II of MARPOL 73/78 and the IBC code 
Not applicable 
 
Section 15. Regulatory Information 
15.1 Safety, health and environmental regulations/legislation specific for the 
substance or mixture 
OSHA: 

OSHA Hazard Communication Status: Hazardous 
TSCA: 

TSCA: The ingredient of this product are listed on the Toxic Substances Control Act 
(TSCA) Chemical Substances Inventory 
CERCLA: 

CERCLA reportable quantity of EPA hazardous substances in product 
 

Chemical Name     RQ 
Product RQ: 0lb  (Notify EPA of product spills exceeding this amount) 
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15.2 Chemical safety assessment: 
A Chemical Safety Assessment has not been carried out. 
 
Section 16. Other Information 
HMIS: 

HMIS ratings: Health =1*  Flammability =0  Reactivity =0 
HMIS scale 0=Minimal;  1=Slight;  2=Moderate;  3=Serious;  4=Severe 

Personal Protective Equipment =X (to be specified by user depending on use conditions) 
 
Carcinogenicity: 
NTP: No ingredients listed in this section 
IARC: No ingredients listed in this section 
OSHA: No ingredients listed in this section 
NFPA: 
NFPA Ratings Health =1 Flammability =0 Reactivity =0 Special Hazard =None 
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 
Relevant Phrases 
Risk Phrase: 

R21 Harmful in contact with skin 
R22 Harmful if swallowed 
R36 Irritating to eyes 
R38 Irritating to skin 

Safety Phrase: 
S3/9/49 Keep only in the original container in a cool, well-ventilated place 

Revision Date: 3 March 2015 
Revision: 1 
SDS No: 206-01 
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1.  Identification of the substance/preparation and of the company/undertaking  

1.1 Information of the products 

Products name:                    Sulfuric Acid 98% 

CAS Number:   7664 – 93 -9 

Formula:                 H2SO4 (98.07948)    

     

       Chemical structures:    

   

 

 H (2) = 1.00794 (2), S= 32.066, O (4) = 15.9994(4) 

Office:  9/9 Moo 10 Rajchapruek Rd., Chimplee, Bangkok 
10170 Tel. (662)8862000 Fax. (662) 8862919 

Factory:                                 151 Moo 10 Nongsaesao Rd., Hinkong, Muang 
Ratchaburi 7000 Tel.(6632)373560-2 Fax.(6632)373563
  

             ………………………………………………………………………………………………………………… 

 2. Hazards Identification 
   

 - Causes severe burns 
 
…………………………………………………………………………………………………………… 
 



            

                   SAKSRI INDUSTRY CO., LTD    SAFETY DATA SHEET 
        
 

  

                      SAKSRI INDUSTRY CO., LTD                                หน้า 3 / 10 

 

3. Composition / Information on Ingredients 
  
   3.1 Chemical Name and Concentration  

- Sulfuric acid 98% (W/W) 
3.2 Common Name and Synonym 

      Common Name:  Sulfuric acid 
Synonym:  Dihydrogen sulfate, Oil of vitriol, Vitriol brown oil, 

Vitriolic acid, Diothionic acid, Spirit of alum, Dripping 
acid  

  3.2 Essence 

Ingredient CAS Number % (W/W) 

 Sulfuric acid  (H2SO4) 7664 – 93 - 9 98% (W/W) 

 Water (H2O)    7732-18-5 < 2% (W/W) 

 
………………………………………………………………………………………………………………… 

4. First – Aid Measures 

General:  In all cases of doubt or when symptoms persist, always seek 
medical attention  

In halation:  Move affected person to fresh air. If recovery not rapid, seek 
medical attention. If breathing stops, provide artificial 
respiration. 

In gestion:  Do not induce vomiting. In case of spontaneous vomiting, be 
sure that vomit can freely drain because of danger of 
suffocation. Only when conscious, rinse mouth with plenty of 
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water and give plenty of water to drink - (approx 500ml). Keep 
patient at rest and obtain medical attention. 

Skin :  Remove contaminated clothing. Wash affected area with plenty 
of soap and water. Obtain medical attention. Launder clothing 
before re-use. 

Eyes:  Rinse immediately with plenty of water for at least 5 minutes 
while lifting the eye lids. Seek medical attention. Continue to 
rinse. 

…………………………………………………………………………………………………………….. 
 

5. Fire – Fighting Measures 

Extinguishing media:  Use extinguishing media suitable against surrounding fire or the 
cause of fire. 

Special fire fighting:   Unsuitable extinguishing media - do not use water. 
Hazardous combustion  
products:    Toxic or corrosive vapours may be released in fire situation. 
Protective measures in fire:  Fire fighters should wear self-contained breathing apparatus. 

  
…………………………………………………………………………………………………………….. 

6. Accidental Release Measures 
Personal precaution in s pill:  Avoid direct contact with skin, eyes and clothing. Wear   

                      appropriate protective clothing. 
Precautions to protect  
environment Prevent:   Contamination of soil drains and surface water. 
Spill cleanup methods:    Take-up spillage with absorbent, inert material and place in a         

suitable and closable labelled container for recovery or 
disposal. Do not use combustible materials (such as sawdust) to 
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soak-up spillages. Cautiously neutralise residue with soda ash 
and wash area clean with water and detergent, observing 
environmental requirements. Cautiously neutralise small  
spillages with soda ash   and greatly dilute with plenty of water 
before disposal. 

…………………………………………………………………………………………………………………….. 

  7. Handling and Storage 
 

Usage precautions: Handling - Product should be used in accordance with good 
industrial principles for handling and storing of hazardous 
chemicals. Avoid contact with skin or eyes. Never add water to 
this product, reacts violently with evolution of heat. 

Storage precaution:  Store in a cool, dry, well ventilated place, in securely closed 
original container. 

Storage criteria:   Corrosive storage. 
 

………………………………………………………………………………………………………………. 
 

  8. Exposure Controls/Personal Protection 
 

INGREDIENT 
NAME 

CAS NO. STD LT EXP 8 Hrs ST EXP 15 min 

SULFURIC ACID 7664-93-9 OES 1 mg/m3 - 

 

Ventilation:  Work in a fume cupboard or use local exhaust ventilation. 
Respiratory protection required in insufficiently ventilated 
woking areas. 

Respirators: For short periods of work, a suitable RPE fitted with a 
combination E1 filter cartridge is recommended. 
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Protective gloves:   Use impervious gloves. 
Eye protection:  Where the potential for eye contact exists, splash-proof goggles 

or face shield must be worn. 
 

Other protection:  Wear protective clothing and closed footwear. Apron.Wear 
personal protective equipment appropriate to the quantity of 
material handled. 

……………………………………………………………………………………………………………… 
 

  9. Physical and Chemical properties 
 

Appearance:     colorless or pale yellow liquid. 
Density/specific gravity (g/ml): 1.84 at Temperature re 27 °C 
pH-Value, diluted solution:  < 1   
Concentration % M :       - 
Solubility description:   Miscible with water in all proportions. 

 
…………………………………………………………………………………………………………………. 

 

10. Stability and Reactivity 
 

Stability:    Stable under normal conditions of use. 
Conditions to avoid:   Store away from reactive materials. 
Materials to avoid:  Alkalis, bases and oxidising agents. Most common metals, 

halogen compounds, nitrates, permanganates, combustible 
materials. 

Hazardous de comp. products: Thermal decomposition may release noxious, toxic or corrosive  
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gases or vapours. Care - will react with many metals to liberate 
highly flammable hydrogen gas. 

 
…………………………………………………………………………………………………………………… 

 

  11. Toxicological Information 
 

Toxicolog ical data   LC50. Inhalation. Rat. 0.51 mg/l (aerosol or mist) 
Toxic Dose-LD50:   900 mg/kg (oral-rbt) 
Toxicological  information:  The European Sulfuric Acid Association suggest exposure 

levels should be reduced as far as possible and certainly below 
0.3 mg/m3, based on epidemiological evidence of irritant 
effects of sulfuric acid mist. 

Inhalation:  Inhalation of mist or vapour will cause irritation of the upper 
respiratory tract, high concentrations may cause damage to 
mucous membranes and lungs. 

Ingestion:  May cause burns to mucous membranes, throat and stomach. 
May cause severe internal injury. 

 Skin:     Liquid causes severe irritation and burns on prolonged contact. 
Eyes:                 Liquid causes severe burns. Risk of serious damage to eye. 
Medical symptoms:       Irritation of eyes and mucous membranes. Burning sensation in 

mouth. Severe skin irritation. Liquid irritates mucous 
membranes and may cause abdominal pain if swallowed. 

 

………………………………………………………………………………………………………………………………………………………………………. 
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12. Ecological Information 
 

Eco toxicological data   LC50 24 hours fish 6.3 mg/l 
Ecological information:  Avoid release to the environment. Prevent contamination of 

soil, drains or surface water, use appropriate containment 
method to avoid environmental contamination. 

 
Bioaccumulation:   Not expected to bio-accumulate. 
 
Degradability:    Neutralised slowly by natural alkalinity. 
Acute fish toxicity:   Fatal to aquatic life due to pH shift. 

……………………………………………………………………………………………………………………….. 
 

13. Disposal Considerations 
Disposal methods:  This material and/or its container must be disposed of as 

hazardous waste according to Special Waste Regulations 1996 
or according to local regulations, in compliance with duty of 
Care Regulations and Special Waste Regulations. 

Waste class:    WASTE CODE: 0705** HAZARDOUS PROPERTY: H8 
    

…………………………………………………………………………………………………………………. 

14. Transport Considerations 
     UK Road pack GR.:   II 

ADR Class N o.:   8 
ADR Class:    Class 8: Corrosive substances. 
ADR Item No.:    1°(b) 
Hazard No. (ADR):   80 Corrosive or slightly corrosive substance. 
ADR Marginal:   2801 
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ADR Label N o.:   8 
Hazchem code:    2P 
Proper shipping name I:  SULPHURIC ACID, with more than 51% acid 
UN No. SEA:    UN 1830 
IM DG Class:    8 
 
IMDG Page N o.:   8230 
IM DG Pack GR.:   II 
UN No., AIR:    UN-ID 1830 
ICAO Class:    8 
AIR Pack GR.:    II 

  
……………………………………………………………………………………………………………………… 

 
 

15. Regulatory Informations 
 

Label for supply:  
 
 
 

 
Risk phrases:    R-35 Causes severe burns. 
Safety phrases:  S-26 In case of contact with eyes, rinse immediately with plenty 

of water and seek medical advice. S-30 Never add water to this 
product. S-45 In case of accident or if you feel unwell, seek 
medical advice immediately (show the label where possible). 

UK Regulatory references:  Classification, Packaging and Labelling Regulations 1984.  
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Chemicals (Hazard Information & Packaging) Regulations 
1993. 

 
…………………………………………………………………………………………………………………… 

 

16. Other Information 
 
Information sources:    This product has been classified in accordance with CHIP3 

regulations. 
Revision comments:    Edition 01; Revised item(s): 
Date:      - 
Disclaimer:  The foregoing data has been compiled for safety information 

only and does not form part of any selling specification. 
Information contained in this Data Sheet is to the best of 
Saksri’s knowledge correct at the time of publication. 
Customers should always satisfy themselves, that the product 
which they have selected is entirely suitable for their purpose 
under their conditions of use and in compliance with current 
regulations. For any further information, please contact the 
supplier. 

 
 

………………………………………………………………………………………………………………… 
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Chemical Safety Data Sheet  

Section 1   Product and Company Identification  

Product Name  Potassium Monopersulfate Compound  

Manufacturer name                                  SHANDONG YUYUAN GROUP CO.,LTD.  

Manufacturer address  Yuyuan Building,Weifang City,Shandong Province,China   

Manufacturer post code  261061  

Manufacturer fax  +86-536-8650881 

Manufacturer email                                    sales@yuyuangroup.cc   

Emergency number  +86-536-8650881 

Effective date  April 28, 2019 

    

Section 2    Hazards Identification  

Hazard class and label elements of the substance according to GHS(the fifth revised edition):  

GHS hazard class  

Physical hazard(s)  

Health hazard(s)  

     

Acute toxicity-oral  Category5  

Skin corrosion/irritation  category1b  

Serious eye damage/eye irritation  category1  

Specific target organ toxicity, single exposure;   

Respiratory tract irritation  category3 

  

Pictogram  

mailto:sales@yuyuangroup.cc
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Signal  

Hazard statement(s)  

     

Precautionary statements  

Prevention   

      

Response  

             

Storage  

  

  

Disposal   

  

Danger  

  

H303 May be harmful if swallowed  

H314 Causes severe skin burns and eye damage  

H318 Causes serious eye damage  

H335 May cause respiratory irritation  

  

P260 Do not breathe dust/fume/gas/mist/vapours/spray.  

P261 Avoid breathing dust/fume/gas/mist/vapours/spray.  

P264 Wash hands thoroughly after handling.  

P271 Use only outdoors or in a well-ventilated area.  

P280 Wear protective gloves/protective clothing/eye protection/face 

protection.  

P301+P330+P331 IF SWALLOWED: Rinse mouth. Do NOT induce 

vomiting.  

P303+P361+P353 IF ON SKIN (or hair): Take off immediately all 

contaminated clothing. Rinse skin with water [or shower]. P304+P340 

IF INHALED: Remove person to fresh air and keep comfortable for 

breathing.  

P305+P351+P338 IF IN EYES: Rinse cautiously with water for several 

minutes. Remove contact lenses, if present and easy to do. Continue 

rinsing.  

P310 Immediately call a POISON CENTER/doctor.  

P312 Call a POISON CENTER/doctor/if you feel unwell.  

P363 Wash contaminated clothing before reuse.  

P403+P233 Store in a well-ventilated place. Keep container tightly 

closed.  

P405 Store locked up.  

P501 Dispose of contents/container in accordance with local/ 

regional/national/international regulations.  
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Section 3   Composition/Information on Ingredients  

Component  
Concentration 

(%W/W) 
CAS No.  EC No.  

Potassium 

Monopersulfate  
≥50  

10058-23-8  233-187-4  

Potassium Sulfate  13  7778-80-5  231-915-5  

Sodium Sulfate  35  7757-82-6  231-820-9  

Magnesium Sulfate Approx.2  7487-88-9  231-298-2  

  

Section 4   First Aid Measures  

After skin contact  

  

   

After eye contact  

  

  

After ingestion  

  

   

After inhalation  

  

Immediate flush skin with plenty of water. Remove and isolate contaminated 

clothing and shoes. If irritation persist, get medical attention immediately. for 

minor skin contact, avoid spreading material on unaffected skin. Wash clothing 

separately before reuse.  

Immediately flush eyes with plenty of water for at least 15 minutes. Assure 

adequate flushing of the eyes by separating the eyelids with fingers. Get medical 

advice.  

If vomiting occurs naturally, have victim lean forward to reduce risk of aspiration. 

Loosen tight clothing such as a collar, tie, belt or waistband the substance. Seek 

immediate medical attention.  Never give anything by mouth to an unconscious 

person. Rinse mouth with water. Consult a physician.  

Move to fresh air. Oxygen or artificial respiration if needed, Get immediately 

medical attention.  

  

Section 5   Fire Fighting Measures  

Hazardous products of combustion  Can be released in case of fire: oxygen, sulfur dioxide, sulfur  

 anhydride, etc.  

Extinguishing method  Water  

Special protective equipment  Wear full protective clothing, including helmet, self- 

  contained positive pressure or pressure demand breathing  

apparatus, protective clothing and face mask.  
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Section 6   Accidental Release Measure  

Personal protective measures  

    

Environmental protective measures  

   

Methods for taking in and cleaning up  

Ensure adequate ventilation. Remove all sources of ignition. 

Do not touch damaged containers or spilled material unless 

wearing appropriate protective clothing. Ventilate closed 

spaces before entering. Keep unnecessary personnel away. 

Prevent further leakage or spillage if safe to do so. Do not 

allow material to be released to the environment without 

proper governmental permits.  

Sweep up, then place into a suitable container for disposal.   

Avoid generating dusty conditions. Provide ventilation.  

Clean contaminated surface thoroughly.  

  

  

  

 

Section 7   Handling and Storage  

Handling  

   

Storage  

  

  

Avoid contact with skin, eyes, mucous membranes and clothing. In case of insufficient 

ventilation, wear Suitable respiratory equipment if ingested. Avoid formation of dust 

and aerosols. Keep away from heat, sources of ignition, sparks or open flame.  Keep in 

a cool, dry, well-ventilated place. Keep tightly closed until used. Keep away from fire 

and heat source. Sealed packaging. Store away from reducing agents, strong bases, 

heavy metallic salt, etc.   

Section 8   Exposure Controls/Personal Protection  

Engineering Controls  

   

Respiratory protection  

  

Eye protection  

  

Hand Protection  

Body protection  

Facilities storing or utilizing this material should be equipped with an 

eyewash and a safety shower facility. Use adequate ventilation to keep 

airborne concentrations low.  

When workers are facing concentrations above the exposure limit they 

must use appropriate certified respirators。  

Use safety glasses with side shields or safety goggles as mechanical 

barrier for prolonged exposure.  

Wear appropriate chen1ical resistant gloves.  

Use clean protective body-covering as needed to minimize contact with  
clothing and skin.  
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Section 9   Physical and Chemical Properties  

Appearance  White solid  

Odour  No data available  

Odour Threshold  No data available  

pH  2～3  

Melting point/freezing point  No data available  

Initial boiling point and boiling range  No data available  

Flash point  No data available  

Evaporation rate  No data available  

Flammability (solid, gas)  No data available  

Upper/lower flammability or explosive limits  No data available  

Vapour pressure  No data available  

Vapour density  No data available  

Relative density(g/L)  800～1200  

Water solubility(g/L,20℃)  256  

Partition coefficient: noctanol/water  No data available  

Autoignition temperature  No data available  

Decomposition temperature  No data available  

Viscosity  No data available  

  

Section 10   Stability and Reactivity  

Reactive  

Chemical stability  

  

Possibility of hazardous reactions  

Avoid conditions  

  

Incompatible materials  

Hazardous decomposition products  

  

  

No data available.  

This is a stable chemical under the recommended storage 

condition.  

No data available.  

Heat, flames and sparks. Incompatibles. The extreme 

temperatures and direct sunlight.  

Reducing agents, strong bases, heavy metallic salt.  

Oxygen, sulfur dioxide, sulfur anhydride.  

Section 11   Toxicological Information  

Acute toxicity: Potassium bisulfate ：LD50（rat，Oral）2340mg/Kg.  



  

 

SHANDONG YUYUAN GROUP CO.,LTD 
Yuyuan Technology Building, Coast Economic Development Area, Weifang City,Shandong province 

P.R.China Tel:+86-536-8650881  Fax:+86-536-8650931 

 

  - 6 - 

             Potassium sulfate ：LD50（rat，Oral）6600mg/Kg.  

Skin corrosion/irritation: Cause serious skin burns and eye damage.  

Serious eye damage/eye irritation: Cause serious eye damage.  

Respiratory or skin sensitization: No data available.  

Germ cell mutagenicity: No data available.  

Carcinogenicity: No data available.  

Reproductive toxicity: No data available.  

Specific target organ toxicity – single exposure: May cause respiratory irritation.  

Specific target organ toxicity – repeated exposure: No data available.  

Aspiration hazard: No data available.  

Section 12   Ecological Information  

Toxicity:                                          potassium  bisulfate  

                                                          Test & Species  

96Hr LC50 fish: 3500mg/l  

48Hr EC50 Daphnia: 1310mg/l  

72Hr EC50 Algae: N/A  

Potassium sulfate  

Test & Species  

96Hr LC50 fish: 680mg/l  

48Hr EC50 Daphnia: N/A  

72Hr EC5oAlgae:N/A Persistence 

and degradability: No data available.  

Bioaccumulative potential: No data available.  

Mobility in soil: No data available.  

Other adverse effects: No data available.  

  

Section 13   Disposal Considerations  

Property of waste: Hazardous Waste.  

Methods of disposal: Contact a licensed professional waste disposal service to disposal of this material. 

Dispose of in accordance with local Environment regulations or local authority 

Requirement.  

Precautions of disposal: Professional processing together.  
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Section 14   Transport Information  

UN number: 3260  

UN proper shipping name: CORROSIVE SOLID, ACIDIC, INORGANIC, N, o. S.   

                                               (contains Potassium peroxymonosulfate and Potassium bisulfate)  

Transportation primary hazard class:  8   

Transportation secondary hazard class: ——  

Packing group: II  

  

Section 15   Regulatory Information  

Component  CHINA  TSCA  ENCS  EINECS  

Potassium 

Monopersulfate   
√  √  √  √  

Potassium Sulfate   √  √  √  √  

Potassium Bisulfate  √  √  √  √  

Magnesium Sulfate √  √  √  √  

  

Note 1:  

CHINA - China Inventory of Existing Chemical Substances（IECSC）  

TSCA - United States Inventory of Toxic Substances Control Act Chemical Substances（TSCA）  

ENCS - Japan Existing and New Chemical Substances（ENCS）  

EINECS - European Inventory of Existing Commercial Chemical Substances（EINECS）  

Note 2:  

"√" Indicates that the substance included in the regulations  

"-" That no data or included in the regulations  

Section 16   Additional Information  

This Safety Data Sheet (SDS) was prepared according to UN GHS (the fifth revised edition), is only 

for users reference. Users should make their independent judgment of suitability of these information for 

their particular purposes.  
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Section 1. Identification of the substance/mixture and of the company/undertaking 
 
1.1 Product Identifier 

Trade Name:   BioPerse (EB 80218)  
Chemical Description: Biodispersant 

 Product Division: Water Treatment 
Product Class:  Dispersant 
Document Code: 218-25 
 

1.2 Relevant Identified uses of the substance or mixture and uses advised against: 
N/A 

 
1.3 Details of the supplier of the safety data sheet 

Eastboard Products Sdn Bhd 
5, Lorong Perusahaan Sungai Lokan 3/3 

 13800 Butterworth, Penang 
 

1.4 Emergency telephone number:  
Tel: 04-3564632 
 

Section 2. Hazards Identification 
 
2.1 Classification of the substance of mixture classification according to Regulation (EC) 

 
 

Warning 
 
H302  Harmful if swallowed 

   
 
Classification according to Directive 67/548/EEC 
 
 
   Harmful 
 
   R28  Harmful if Swallowed 
 
 
Hazard description: Harmful 
 
Information concerning particular hazards for human and environment: N/A 
 
Classification System: N/A 
 

2.2 Label Elements 
 
Hazard pictograms 
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Signal word: Harmful   
 
Hazard-determining components of labelling: 
Not Applicable 
 
Hazard Statements: 
H302  Harmful if swallowed  
H315  Causes skin Irritation 
 
Precautionary Statements: 
P270  Do not eat, drink or smoke when using this product 
P403 +P235 Store in a well ventilated place. Keep cool. 
 

2.3 Other Hazards 
 

PBT:  Not Applicable 
vPvB:  Not Applicable 

 
 
Section 3. Composition/Information on Ingredients 
 
3.1 Chemical Composition 
 

Chemical Name CAS Number % by weight 
Sodium hydroxide 1310-73-2 1 - 2 
Polycarboxylic acid, sodium salt 9003-1-04 10 - 12% 
Nonylphenol Ethoxylate 9016-45-9 10 – 20% 

 
3.2 Chemical Characterization: MIXTURES 
 
 Dangerous Components: 
 

Chemical Name CAS Number % by weight 
Sodium hydroxide 1310-73-2 1 - 2 

  
Section 4: First Aid Measures 
 
4.1 Description of first aid measures: 
 

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Seek 
medical aid immediately. 

 
Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while 

removing contaminated clothing and shoes. Seek medical aid immediately. Wash clothing before reuse. 
Do not take clothing home to be laundered. Discard contaminated shoes, belts and other articles made 
of leather. 

  
Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek medical aid 

immediately. Never give anything by mouth to an unconscious person. 
 
Note to physician: Not Applicable 
 
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, 

give oxygen. Seek medical aid. 
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4.2 Most important symptoms and effect, both acute and delayed: 
 
Eye Contact: Eye contact with this product can cause eye irritation if not treated immediately. 

 
Skin Contact: Skin contact with this product is can cause skin irritation.  

  
Ingestion: If swallowed, this product may irritate the mucous membranes of the mouth, throat, esophagus 

and stomach. There may be perforation of the esophagus, stomach or intestine. 
 

Inhalation: Not a route of entry. 
 
4.3 Indication of any immediate medical attention and special treatment needed: 

 
Not applicable information was found concerning any potential health effects resulting from sub-chronic or 
chronic exposure to the product. The chronic local effect may consist of multiple areas of superficial 
destruction of the skin or of primary irritant dermatitis. Similarly, chronic inhalation of dust may result in 
varying degrees of irritant or damage to the respiratory tract tissues. 

 
 
Section 5: Fire-Fighting Measures 
 
5.1 Extinguishing Media:  Use extinguishing media appropriate for the surrounding fire. 
 
5.2 Special Hazards arising from the substance or mixture: 
 

Unusual Fire & Explosion Hazard: This product is noncombustible 
 
5.3 Advice for firefighters: 
 

Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-contained 
breathing apparatus and protective clothing must be worn in case of fire. Keep run-off 
water out of sewers and water sources, Dike for water control. 

 
Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet. 

 
Section 6. Accidental Release Measures 
  
6.1 Personal Precautions, protective equipment and emergency procedures 

For personal protection, see section 8. 
 
6.2 Environmental precautions 

Avoid discharge into drains, water courses or onto the ground. 
 
6.3 Methods and material for containment and cleaning up 

Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear appropriate 
protective clothing. Isolate leaking containers and stop leak if safe to do so. Whenever practical, transfer 
spilt material to suitable containers. Flush to sewer with copious quantities of water.  
 

6.4 Reference to other sections 
For personal protection, see section 8. For waste disposal, see section 13 
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Section 7. Handling and storage 
 
7.1 Precautions for safe handling 

Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapor 
 

Information about fire – and explosion protection: 
No special measures required. 

 
7.2 Conditions for safe storage, including any incompatibilities 

Store in tightly closed original container in a dry, cool and well ventilated place. 
 
Storage requirement to be met by storerooms and receptacles: No special requirement 

 
Information about storage in one common storage facility: Not required. 
 
Further information about storage conditions: Keep container tightly sealed. 

 
7.3 Specific end use(s) 

No further relevant information available. 
 
Section 8. Exposure Controls/ Personal Protection 
 
Additional information about design of technical facilities: No further data; see item 7 
 
8.1 Control parameters 

Chemical Name % by weight OSHA PEL ACGIH TLV 
Sodium hydroxide 1 - 2 Ceiling 2 mg/m3 Ceiling 2 mg/m3 
Polycarboxylic acid, sodium salt 10 - 12% Not established Not established 
Nonylphenol Ethoxylate 10 – 20% None Established None Established 

 *Note:  WEL = Workplace Exposure Limit = Value x (% by weight) 
  WEL limits are supplier’s recommendations 
 
8.2 Exposure controls 
 

Protective equipment 
 

 
 
 
 
 
 
Process conditions 
Not Necessary 

 
Engineering measures 
Provide sufficient ventilation at workplace. 

 
Respiratory equipment 
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If airborne concentration exceeds published exposure limits, use a NIOSH approved respirator in 
accordance with OSHA respiratory protection requirements (29 CFR 1910.134) 

 
Hand protection 
Chemical resistant glove is required for prolonged or repeated contact. 

 
Eye protection 
Chemical splash goggles and face shield  

 
Other protection 
Not Necessary 

 
Hygiene measures 
Wash hand at the end of each work shift and before eating, smoking and use the toilet, Wash promptly if 
skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA. 

 
 
Section 9. Physical and chemical Properties 
 
9.1 Information on basic physical and chemical properties 
 

General information 
Appearance:   Free flow liquid 
Color:    Slight yellowish  
Odor:    Chrarcteristic 
pH (1% solution)  10.5 
Density/ Specific Gravity: 1.15 

 Bulk Density   Not applicable 
Solubility/Miscibility in water:  Complete 
Vapor Pressure:   Not applicable 
Vapor Density (air =1)  Not applicable 

 Viscosity:   Not applicable 
% volatile by weight (VOC): 0 

 Solvent content: 
  Water:   ~70 
  Organic Solvent  0 
 Solid Content:   >15 
 
Change in condition 

 
Flash point:    Not applicable   
Flammability (solid, gaseous) Non flammable 
 
Lower Flammable Limit:  Not applicable 
Upper Flammable Limit:  Not applicable 
Auto-ignition Temperature:  Product is not self-igniting 

 Ignition Temperature:  Not applicable 
Decomposition Temperature: Not determined 
Danger of Explosion  This product does not present an explosion hazard 
 
Boiling Point:   108oC 
Freezing point:   -5oC 
 

9.2 Other information 
 No further relevant information available 
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Section 10. Stability and reactivity 
 
10.1 Reactivity: No further relevant information available 
 
10.2 Chemical Stability: Stable 

 
Thermal decomposition/conditions to be avoided: Heat, flame and other source of ignition 

 
10.3 Possibility of hazardous reactions: No dangerous reactions known 
 
10.4 Conditions to avoid: Heat, flame and other source of ignition 
 
10.5 Incompatible materials: Strong acids or oxidizers. 
 
10.6 Hazardous decomposition products: Thermal decomposition or combustion may produce carbon 

dioxide and disodium oxide.  
 
Section 11. Toxicological Information 
 
11.1 Information on toxicological effects:  
 

On Product & Ingredient: 
Test material Oral LD50 (rat) Dermal LD50(rabbit) Inhalation LD50 (rat) 
Product Not available Not available Not available 

 
Primary irritant effect: 
Area Effect 
Eye No information available 
Skin No information available 
Sensitization No information available 
 
Additional toxicological information: 
Swallowing will lead to a sensitizing effect on mouth and throat. 

 
Section 12. Ecological Information 
 
12.1 Toxicity  

Test Material Aquatic Toxicity/Data 
On Product  

 
 No data available above 
 
12.2 Persistence and degradability  

Product is fully biodegradable when release to the environment 
 
12.3 Bio-accumulative potential  

Product is not bio-accumulating  
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12.4 Mobility in soil 

No further relevant information available 
 
12.5 Results of PBT and vPvB assessment  

PBT: Not applicable 
vPvB: Not applicable 

 
12.6 Other adverse effects  

No further relevant information available.  
 
Section 13. Disposal Consideration 
 
13.1 Waste treatment methods:  

Disposal of in accordance with local, state and federal regulations. 
 

Recommendation: 
Must not be disposed together with household garbage. 

 
Uncleaned packaging: 
 
Recommendation: 
Disposal of in accordance with local, state and federal regulations. 

 
Recommended cleansing agent: Water 

 
 
Section 14. Transport Information 
 
14.1 UN number   Not applicable 
 
14.2 UN proper shipping name Bio Dispersant 
 
14.3 Transport hazard class(es)  Not applicable 
 

Transport Labels 
 
 
 
 
 
 
 

Class:    Harmful 
 
14.4 Packing group   Not applicable 
 
14.5 Environmental Hazard 
 

Marine pollutant:   No 
 
14.6 Special precautions for user  
 

WARNING: None 
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EMS Number: Unknown  
 
14.7 Transport in bulk according to Annex II of MARPOL 73/78 and the IBC code  

 
Not applicable 

 
 
 
Section 15. Regulatory Information 
 
15.1 Safety, health and environmental regulations/legislation specific for the substance or mixture  
 

OSHA: 
OSHA Hazard Communication Status: Non Hazardous 
 
TSCA: 
TSCA: The ingredient of this product are listed on the Toxic Substances Control Act (TSCA) Chemical 
Substances Inventory 
 
CERCLA: 
CERCLA reportable quantity of EPA hazardous substances in product 
 
Chemical Name     RQ 
 
 
Product RQ: 0lb   (Notify EPA of product spills exceeding this amount) 
 

SARA title III: 
 
Section 302: Extremely hazardous Substances 

Chemical Name CAS # RQ IPC 
    

*There are no SARA 302 Extremely Hazardous Substances in this product 
 
 
Section 311 & 312: Health and Physical Hazards: 

Immediate Delayed Fire Pressure Reactivity 
[No] [No] [No] [No] [No] 

 
Section 313: Toxic Chemicals: 

Chemical Name Cas # % by weight 
   

*There are no SARA 313 Toxic Chemicals in this product 
 

15.2 Chemical safety assessment: 
A Chemical Safety Assessment has not been carried out. 
 

Section 16. Other Information 
 
HMIS: 
HMIS ratings: Health =1* Flammability =0  Reactivity =0 
 
HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 
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Personal Protective Equipment =X (to be specified by user depending on use conditions) 
 
Carcinogenicity: 
NTP: No ingredients listed in this section 
IARC: No ingredients listed in this section 
OSHA: No ingredients listed in this section 
 
 
 
NFPA: 

NFPA Ratings Health =1 Flammability =0 Reactivity =0 Special Hazard =None 
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 

 
Relevant Phrases 
 

Risk Phrase: 

R21 Harmful in contact with skin

R22 Harmful if swallowed 

R36 Irritating to eyes 

R38 Irritating to skin 

 
Safety Phrase: 

S3/9/49 Keep only in the original container in a cool, well-ventilated place 

 
 
 
Revision Date: 8 March 2015 
 
Revision: 1 
 
SDS No: 218-25 
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SAFETY DATA SHEET 
 
Section 1. Identification of the substance/mixture and of the company/undertaking 
 
1.1 Product Identifier 

Trade Name: ChilGuard (EB 80205) 
Chemical Description: Nitrite Based Corrosion Treatment for Closed Circuit System 
Product Division: Water Treatment 
Product Class: Chiller Treatment 
Document Code: D2-W018-0205 

 
1.2 Relevant Identified uses of the substance or mixture and uses advised against: 

N/A 
 
1.3 Details of the supplier of the safety data sheet 

Eastboard Chemicals Sdn Bhd 
5, Lorong Perusahaan Sungai Lokan 3/3 
13800 Butterworth, Penang 

 
1.4 Emergency telephone number: 

Tel: 04-356 4632 
 
Section 2. Hazards Identification 
2.1 Classification of the substance of mixture classification according to Regulation 
(EC) 
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2.2 Label Elements 

                    
 
Hazard-determining components of labelling: 
Not Applicable 
Hazard Statements: 
H302 Harmful if swallowed 
H315 Causes skin Irritation 
Precautionary Statements: 
P270 Do not eat, drink or smoke when using this product 
P403 +P235 Store in a well ventilated place. Keep cool. 

 
2.3 Other Hazards 

PBT: Not Applicable 
vPvB: Not Applicable 

 
 
Section 3. Composition/Information on Ingredients 

 
 
Section 4: First Aid Measures 
 
4.1 Description of first aid measures: 
 
General Information: If exposed or if you feel unwell: Call a Poison Center or 
doctor/physician. Show this safety data sheet to the doctor in attendance. 
Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 
minutes. Seek medical aid immediately. 
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Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 
minutes while removing contaminated clothing and shoes. Seek medical aid immediately. 
Wash clothing before reuse. 
Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek 
medical aid immediately. Never give anything by mouth to an unconscious person. 
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If 
breathing is difficult, give oxygen. Seek medical aid. 
 
 
4.2 Most important symptoms and effect, both acute and delayed: 
 
Eye Contact: Eye contact with this product can cause eye irritation. 
Skin Contact: Prolonged skin exposure may cause irritation. 
Ingestion: Ingestion may cause stomach upset. 
Inhalation: Not a source of contact. 
 
4.3 Indication of any immediate medical attention and special treatment needed: 
 
Not applicable information was found concerning any potential health effects resulting from 
sub-chronic or chronic exposure to the product. 
 
Section 5: Fire-Fighting Measures 
 
5.1 Extinguishing Media: Dry chemical, foam or carbon dioxide and water spray. 
 
5.2 Special Hazards arising from the substance or mixture: 
 
Unusual Fire & Explosion Hazard: Product emits toxic gasses under fire conditions. 
 
5.3 Advice for firefighters: 
 
Special Fire-fighting Procedures: A self-contained breathing apparatus and protective 
clothing must be worn in case of fire. 
 
Protective Equipment for fire-fighters: Firefighters should be equipment with protective 
equipment and self-contained breathing apparatus to protect against potentially toxic and 
irritating fumes. 
 
Other information: Use cold water spray to cool fire-exposed containers to minimize the 
risk of rupture. 
 
 
Section 6. Accidental Release Measures 
 
6.1 Personal Precautions, protective equipment and emergency procedures 
For non-emergency personnel: Keep unnecessary and unprotected personnel away from 
entering. Avoid contact with skin, eyes, and clothing – wear suitable protective equipment 
(see section 8). Do not touch or walk through spilt material. Shut off all ignition sources. 
 
For emergency responders: Ventilate area of leak or spill. Persons performing clean-up 
work should wear 
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adequate personal protective equipment and a self-contained breathing apparatus with full 
face piece operated in the pressure demand or other positive pressure mode. Remove all 
sources of ignition. 
 
6.2 Environmental precautions 
Prevent from contamination the ground and the surface water by isolating the hazard area. 
Contain and recover liquid when possible. Keep closed containers and dispose according to 
all applicable federal, state or local environment regulations. 
 
6.3 Methods and material for containment and cleaning up 
Remove all ignition sources. Notify fire and environmental authorities. Absorb spills with dry 
sand, earth or similar non-combustible absorbent material then collect into drums for later 
disposal. Incinerate or bury in a licensed facility if permitted. For large, dike and pump into 
suitable containers for disposal. Flush area with 
plenty of water. Waste water will be treated in biological treatment plant. 
 
Special precautions: Do not use combustible materials, such as saw dust. Do not flush to 
sewer! Slippery walking! Spread granular cover! 
 
6.4 Reference to other sections 
For personal protection, see section 8. For waste disposal, see section 13 
 
 
Section 7. Handling and storage 
 
7.1 Precautions for safe handling 
 
No special measures required. It is not considered a hazardous material in most industrial 
operations.Protect containers from physical damage. 
Advice on general occupational hygiene: Avoid ingestion and contact with skin and eyes. 
General occupational hygiene measures are required to ensure safe handling of the 
substance. These measures involve good personal and housekeeping practices (i.e. regular 
cleaning with suitable cleaning devices), no drinking, eating and smoking at the workplace. 
Shower and change clothes at end of work shift. Do not wear contaminated clothing at 
home. 
Information about fire – and explosion protection: 
Not applicable 
 
7.2 Conditions for safe storage, including any incompatibilities 
 
Store in a tightly closed containers in a cool, dry, well ventilated area away from sources of 
heat, moisture and incompatible substances. 
Storage requirement to be met by storerooms and receptacles: No special requirement 
Information about storage in one common storage facility: Not required. 
Further information about storage conditions: Keep container tightly sealed. 
 
7.3 Specific end use(s) 
 
No further relevant information available. 
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Section 8. Exposure Controls/ Personal Protection 
 
Additional information about design of technical facilities: No further data; see item 7 
 
8.1 Control parameters 
 

 
 
8.2 Exposure controls 
 
Protective equipment 

 
 
Process conditions 
General good housekeeping is essential 
Engineering measures 
No special ventilation is recommended under anticipated conditions of normal use beyond 
that needed for normal comfort control. A system of local and/or general exhaust is 
recommended to keep employee exposure as low as possible. 
Respiratory equipment 
No special respirator protection is recommended under anticipated conditions of normal use 
with adequate ventilation. Where excessive vapor or aerosol may result from use, use 
respiratory protection equipment for organic substances. 
Hand protection 
Chemical resistant glove is required for prolonged or repeated contact. 
Eye protection 
Use chemical safety goggles and/or full face shield where splashing is possible. Maintain 
eye wash and quick-drench facilities in work area. 
Skin protection 
Not normally considered a skin hazard. Wear impervious protective clothing including boots, 
lab coat, apron or coveralls as appropriate to prevent skin contact. Wash hands and other 
exposed area with soap and water before eating, drinking, smoking and leaving work. 
Other protection 
Maintain shower, eye wash fountain and quick-drench facilities in work area. 
Hygiene measures 
Wash hand at the end of each work shift and before eating, smoking and use the toilet, 
Wash promptly if skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA. 
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Section 9. Physical and chemical Properties 
 
9.1 Information on basic physical and chemical properties 

           

 
 
9.2 Other information 
 
No further relevant information available 
 
Section 10. Stability and reactivity 
 
10.1 Reactivity: Stable under ordinary conditions of use and storage. 
 
10.2 Chemical Stability: Stable under ordinary conditions of use and storage. 

Thermal decomposition/conditions to be avoided: None. 
 
10.3 Possibility of hazardous reactions: No dangerous reactions known 
 
10.4 Conditions to avoid: Heat, flame, light, sources of ignition and incompatibles. 
 
10.5 Incompatible materials: Strong oxidizers, strong acids, isocyanates. 
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10.6 Hazardous decomposition products: Carbon monoxide, dioxide and nitrogen oxides 
may form when heated to decomposition. 
 
 
Section 11. Toxicological Information 
 
11.1 Information on toxicological effects: 
 

 
 

 
 
 
Section 12. Ecological Information 
12.1 Toxicity 

 
 
12.2 Persistence and degradability 

Readily biodegradable. 
 
12.3 Bio-accumulative potential 

This material is not expected to bioaccumulate. 
 
12.4 Mobility in soil 

No further relevant information available 
 
12.5 Results of PBT and vPvB assessment 

PBT: Not applicable 
vPvB: Not applicable 
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12.6 Other adverse effects 

This material is expected to be non-hazardous to aquatic species. 
 
 
Section 13. Disposal Consideration 
 
13.1 Waste treatment methods: 
 
The generation of waste should be avoided or minimized wherever possible. 
 
Recommendation: 
Disposal of this product, solutions and any by-products should at all times comply with the 
requirements of environmental protection and waste disposal legislation and any regional 
local authority requirements. Avoid dispersal of spill material and runoff and contact with soil, 
waterways, drains and sewers. 
 
Uncleaned packaging: 
Empty containers some product residues. Dispose of surplus and non-recyclable products 
via a licensed waste disposal contractor. Waste packaging should be recycled. Incineration 
or landfill should only be considered when recycling is not feasible. 
 
Recommendation: 
Disposal of in accordance with local, state and federal regulations. 
 
Recommended cleansing agent: Water 
 
Section 14. Transport Information 
 
14.1 UN number    3287 
14.2 UN proper shipping name  Close circuit treatment 
14.3 Transport hazard class(es)  Not applicable 
 

 
 
14.4 Packing group    III 
14.5 Environmental Hazard 

Marine pollutant:  No 
14.6 Special precautions for user 

WARNING: None 
EMS Number: Not Applicable 

 
14.7 Transport in bulk according to Annex II of MARPOL 73/78 and the IBC code 

Not applicable 
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Section 15. Regulatory Information 
 
15.1 Safety, health and environmental regulations/legislation specific for the 
substance or mixture 
OSHA: 

OSHA Hazard Communication Status: Non Hazardous 
TSCA: 

TSCA: The ingredient of this product are listed on the Toxic Substances Control Act 
(TSCA) Chemical Substances Inventory 
CERCLA: 

CERCLA reportable quantity of EPA hazardous substances in product 
 

Chemical Name     RQ 
Sodium Nitrite     100lb 
Product RQ: 67lb  (Notify EPA of product spills exceeding this amount) 

 

 
 
15.2 Chemical safety assessment: 
A Chemical Safety Assessment has not been carried out. 
 
Section 16. Other Information 
HMIS: 

HMIS ratings: Health =1*  Flammability =0  Reactivity =0 
HMIS scale 0=Minimal;  1=Slight;  2=Moderate;  3=Serious;  4=Severe 

Personal Protective Equipment =X (to be specified by user depending on use conditions) 
 
Carcinogenicity: 
NTP: No ingredients listed in this section 
IARC: No ingredients listed in this section 
OSHA: No ingredients listed in this section 
NFPA: 
NFPA Ratings Health =0 Flammability =0 Reactivity =0 Special Hazard =None 
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe 
Relevant Phrases 
Risk Phrase: 
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R21 Harmful in contact with skin 
R22 Harmful if swallowed 
R36 Irritating to eyes 
R38 Irritating to skin 

Safety Phrase: 
S3/9/49 Keep only in the original container in a cool, well-ventilated place 

Revision Date: 28 February 2015 
Revision: 1 
SDS No: W205-01 
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รำยละเอียดและรำยกำรค ำนวณระบบผลิตน้ ำใช้ 
พร้อมลำยเซ็นผู้รับรองในกำรออกแบบระบบ 
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รำยกำรค ำนวณระบบดับเพลิงของโครงกำร 
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9/d I a/ <J} d d ~-~d. .dzd. c:!d.J 
1:l 'lfl~ll 'W'W t1 ll'ffCJ'II'Vlln'W LY!'I.J'i ~li l'W L'W'Vl'I.J'i~'ljlJ'eleJ m ftCJ'IIVllJ 'll'W'el nYI'W 'll'ffCJ.:J!tl'W!'ffCJ'I 'll''lll\PI 

~'lfllYI'W \PI IICI ~ 1i' \Piff .:~rh! u l'i lCJ'Il'W m'i'I.J'i ~'lj:JJ 1 '11'r1 ru~m'i:JJ m'i'Vl'i l'!Ji11CJ 1 u G)c'i 

'!Jn'l.J11 m'itu t\PI\lll:JJ~'!J 'i~lil'W m'i:JJ m'i:JJ'el'l.JYilJlCJYI~ e:J\lll:JJ~ nlYI'W \Pit i'lu 'J~11l CJ'l.J~ 

'li'e:1 G)ifD m'i'I.J'i~'lj:JJVJnflf.:~ M'!J'i~ne:J'l.J~1CJ & 1l'i~ 

(G)) 

(ifD) 

(m) 

(d) 

"" d 
'i~l'l.J(J'l.J'Jl'i~'Vl 

"" d 
'i~l'l.JCJ'l.J'Jl'i~'Vl 

"" d 
'J~I'l.JCJ'l.J'Jl'i~'Vl 

"" d 
'i~l'l.J(J'l.J'Jl'i~'Vl 

' " ' 
ifD ~~ eJ'I~'l.J'ieJ'I'ilCJ'Il'Wm'i'I.J'i~'ljlJfltu~m'i:JJm'i L\ll'i m~ fl~ .:~-vi ~l'WlJl 
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1h ~ 1i 1'U m 'j :w n1 HHl 'IJ t11:w m 'j :w n1'J" m fi 'b':w 'b''U1 ~ u1 n'IJ 'li' eJ :w "~ l.~rm 1 u 'l1'U . ~ 

d ~ ~ ~ ~ adc:t. 
t n v 1 n 'IJ fi.l " n ':l ~ 'V1 'IJ ft 'l u 1 ~ " eJ :w u" ~ ft 'l fl:JJ u" ~ n ':l ru 'Vl:JJ ':l 1 u 'l1 'U N" n ':l ~ 'V1 'IJ 

' v 
Vi 3 '\JeJ'l'J"~t.Uuuw 

(5) "' d 
'J"~l'IJV'IJ11'J"~'Vl 

mill~ nwVl111'J" ru 1'\JeJ'l mu~ m ':llJfll':l Ll'l':i mfil'l1lJd':l':l fl'YI~ 'l 'lllrY1lJl':lt11'1 ~ ft'U 1111.~ -:i1t~'U N "~ 
"" 0 """" 1 llj" ~" llj "' 't 0 J "' ~ tfl\911l1flfll'J"I'llL'U'Uf11lfll':l'\JeJ'l ':l'l tvlvh t'YiflW~m':llJfll'J" tl'l':li11f1UI'l'l\9l'lf1U!~'V11'l1'U'\J'UlJll'l'J"11lfteJ'IJ l'VieJft1'l1Nl:l t'Ufll'J" 

'll':i~'Jt:wflru~m':l:wm'J" Ll'l'J" mfir1f 'l~eJ 1.11 

" "'d "" llj "' " "I ~ "' "' :::1 llj. fllj " ' '\JeJ G>ct mttt'Vlfll':l'Vi1l1'J"W1'\JeJ'lf1ru~m':l:JJfll':l tl'lHllfl'\JeJ G)bf) 1J':i1fl{l'b'~t1l'U'YI':leJlJf111lJt1J'U t1J t\9111 

t ~'U NmJ'Uff'IJt~ eJ'llJ11l1flfll':l ~ 1til 'U n11 nn '\JeJ'l1 ':l 'lL vllih Mtl:l '\J1l1 fll':l r1ru~ m':l:JJfll':l1J'U Vim 1Vl:l~t~ u~~'ll'J" 1 f1{]1 'Uri' 1f eJ 'l 

:w~ '\JeJ 'l r1ru~m':l:w fll':l L\91 ':l mfi~ M rl1'YI'U ~u'U 1'V11'l1'leJ'l tl'UUl:l ~'YI~ eJuti'l. 'U1l tym 1nfll':ll'l':l 11lfteJ'IJ fll':l~ ~1'11:JJ Nl:l u1:1 ~ 

n1'YI'U ~1'U ~'IJ1li 'Vlfl1'j~ 1t i!'U m':l 1 11'1lty'Y!1m:wri'1f eJ <ltT'U t~'U ~i'U -ey~'YI ~eJfl ~flmVl:l'l 

" ~ " " "" llj "' " ~ " llj "~ 1 '\JeJ G>&' t'Yitl:l'\J1'4fll':lfltu~m':l:JJfll'J"U1l'llJI'lf1W~m':lllfll':l tl'l':lfllf11'11lJ'\JeJ G>ct t'YI'Jt:W'lf'U tl'l':l'IJ'Vl':l1'1J ~u 

tTI~tNu 1~u'1111J'UYim1ul:l~t~u~ :w~'UeJ'lflttt~m':l:wm':lLI'l':lml'i ~~'ll':i~mriHi.'Wftm'U~ 'YI~eJ 'IJ1nru~'ll':i~'lf1Wftl:JJ1':lm,;l'U 

l.~'lil'ltll'U 

' ' ' 9/ 93J d I d d.d. 9) 

'\JeJ G> b t'Y!Ll:l'U1'4 fll'J"flU!~m'J"lJfll'J" Ul:l~m'J"lJfll'J" fllfl'YI'U1lJ'l1'U'J"1'b'fll'J"'Vl ~Ul:l fl~'YilJ1lJ'V1LfllJ1'\JeJ'l1l1fl 

.d~ oC:::I 91 91 ~ liJ d !V 931 c::. q9J d 

Nl:l'Vltf1~1l1flfll'J"'Vi1l1'J"U!1\9lllJ'\JeJ G>d. Ull'llJI'lflW~m':llJfll'J" t\9l'J"fllfl\911lJ'\JeJ G>d. t'YI'IJ'J"ll'Vl'Vl'J"1'1J Ul:l~ t'Yim':llJfll'J"fllfl 

'YIU1U'l1'U':l1'lff11':i'llallill'l1m~t.Uu'IJ'lla'!J1l'UeJ'l~'Uft'ln~ 

" '\JeJ ~ " "' " d " " "llj ."f ~ " 
G) cil t m 1:1 '\J 1 'U ·fl u f1 ru ~ n ':l ':l :w n u :w 'YI 'U 1 'V1 ':l 1 u 'l1 'U N " r111:w f11 1 'YI 'U 1 '\J eJ 'l n u u n t '\J 1J w 'YI1 t 'YI 

q " 

f1 ru~ m ':l lJ fll':l Ll'l':i ml'i'Vl':l1'1J 1 ~ u~ m ~ eJ 'lll'U n111lty'YI11'11lJrl 1f eJ 'ltT'Ut~'U ~i'U -ey~ u" ~'YI ~ eJll ~ D':l ~ mri1 11' 'l1 ':l ~ 'll'1'll''U 'V1 ':l 1'1J 

t~'U'J"~U~ '11l'Wf1111ltymmllri'1feJ'ltT'Ut~'U~i'Ucy~ 

'li'eJ G)c;d mill ~lf tymmlJ ri'1f eJ 'l iJI. ~r 'IJ mnt ti'i 'U 1 M'i'W cy~" 'l mu 1 'Wnm~f1 ru~ m 'j :w fll'j il'l'J" ml'i 

rl1'YI'U ~ 111''1J1li'Vl rl'U '\JeJ fl11lJt,;j'U 'lfeJ'IJ1l1flf1ru~m':l:JJfll':l il'l':l ml'i b fll':l NeJ'U D':l'U '\J u1unmuti'i 'Ulftymt ~'U m11 '1 i 'l1 

ul:l~trieJ'j'Jm~u~nmm':i"NeJ'UD'J"'UJ'li'Uu~1 illm':ltn'U r;n t~eJ'Ui!m1n1'W~'l~r'IJeJ'4:w11111''Uu1unmf1f'l~ G) 
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v • 

nm'Wl'Wtrh..m11 (J) L~e:J'W Lf!CJm'l1ihnrv;'lllf1Vi'1h~'JtllM~eJLftCJ·tJJlnn11 (J) 1'W d. 'UeJ'l~l'W1'Wm'llJf11Hll~'Jtll'll''W 

.u'eJ G>a mrulft:yml'i'l'W~'lLnf!~ellJHCI~~'lfllJi:JMf'!Jm'lHri"'l '\J l'lllJ~fltu~fl'J'JlJf11'lll'l'J .fll~lJl-1~1 'W .u'eJ 

G> d. uCI~'YI~eJ~L~lJL~lJ 1'11'flru ~ f1'J'JlJf11'J Ll'l'J m~ ~hrw'W m'l 1 f!l'Je:Jlff!'Jf1~'11mv 

• • • • J) 

.u'e:1 kDo m'llJf11'J 1m· m~mnn11n'l'I1U'l1:1'1m'lt1CI'l~mV'Jmtri"1 '\J'l~LiJ CJ'lJ.u'mr'lrl''!J'inJ'lJ'U H~nmtri"'l '\J 

l'i'eJ'llJ'J~v~nmumlnm'lHri"'l'Ufl.f'l~T'Jf!Ll.iueJvn11 (J) t~'el'U 

>J ~ "' >J ~ ~ >J ~ >J~ ci ~ "''1 "' d 
'\Jel kDkD f11'lHf1l'\J'J~L'lJ!'J'lJ'\JeJ'lJ'lfl'lJ l'lel'llfl'l'IJfl'dllJL'I1'U'b'eJ'IJ'illf1flU!~f1'J'JlJf1l'J ll'l'J.fllfllfll'JlJI'l'\JeJ'l'Vl 

'1h~'ljlJ1'!1'~eJLftl'J'llJlf1f1ll r;n 1'W d. '\JeJ'l~l'U'd'Uf1'J'JlJf11'J~'l'l1lJfl 

~.,.t::: 
1h ~lil'W fl ru~ m'llJ m'lLI'l'J m~ 
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