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1. Introduction

(Abstract
GS “PORTALAC” Series are recognized as the best reliable and high quality battery in the industry. We have been supporting markets with a multitude of proven results and an outstanding value over 34 years ago. The batteries are designed for general-purpose applications, such as UPS, telecommunications, computer back-up, security back-up models, emergency lighting and electric utilities. And they comply to the most popular international standards, such a JIS, IEC and UL,
(Application

	CYCLE USE
（Main Power Supply for Portable Power Devices）
	STANDBY USE
（Backup Power Supply During Emergencies）
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 Electric Scooter
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 Electric Bicycle
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Electric Mower
	 SHAPE \* MERGEFORMAT 


Solar Energy
	
[image: image8.png]b

WV



 Telecommunication
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     UPS
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 Electric Motorcycle
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 Electric medical vehicle
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Toys
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 Emergency Lighting
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 Mobile Power Source
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 Security System
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 Golf cart
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Electrical tool
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Automatic Transporter
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 Wind Power System
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Wireless System
	 SHAPE \* MERGEFORMAT 


Emergency Phone


(Complete Line-Up

Capacities range from 1.2 AH up to 40 AH and are supported with a full line of connectors, harnesses and installation kits. 

PXL – Long Life High Rate Type (6-8 Year Design Life)

PX – High Rate Type (3 Year Design Life)

PE – Standard Type  (3 Year Design Life)
*Design Life at 25℃

(How to Select the Model

Please choose the closest line on the chart by checking 125% of the needed discharge current and discharge time you need.
（ie）Discharge current 2A, Discharge time 2 hours => PE6V7.2 or PE12V7.2
1) Characteristics of PE 6V/12V  
Fig1. PE -Standard Type (6V)
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Fig2. PE -Standard Type (12V)
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2) Characteristics of PX- High Rate Type
Fig3. PX –High Rate Type 
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3) Characteristics of PXL- Long Life High Rate Type

Fig4. PXL -Long Life High Rate Type
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2. Features of the “PORTALAC” Series
(Premium AGM

Absorbent glass mat (AGM) is a class of VRLA battery in which the electrolyte is absorbed into a mat of fine glass fibers. The plates in an AGM battery may be flat like a wet cell lead-acid battery in a rectangular case. In cylindrical AGMs, the plates are thin and wound, like most consumer disposable and rechargeable cells, into spirals so they are also sometimes referred to as spiral wound. Their unique (for lead-acid chemistries) construction also allows for the lead in their plates to be purer as they no longer need to support their own weight as in traditional cells. Their internal resistance is lower than traditional cells due to plate proximity and the pure lead plates have lower resistively, they handle higher temperatures better, and self-discharge more slowly.
These batteries are often referred to as sealed lead-acid (SLA) batteries due to their non-leaking containers. Their specific power is very good and they can be charged and discharged quite rapidly. 
An AGM battery is a lead-acid electric storage battery that:
· is sealed using special pressure valves and should never be opened.
· is maintenance-free.*
· has all of its electrolyte absorbed in separators consisting
of a sponge-like mass of matted glass fibers.
· uses a recombination reaction to prevent the escape of
hydrogen and oxygen gases normally lost in a flooded
lead-acid battery (particularly in deep cycle applications).
· is non-spillable, and therefore can be operated in virtually
any position. However, upside-down installation is not
recommended.
*Connections must be retorqued and the batteries should be cleaned periodically.
(Excellent Service Life 

Long product life of 6-8 years is achieved by using anticorrosive special alloys and a specially structured grid on the positive (+) plate. (0.25CA load, temperature at 25℃) 

(Excellent Capacity Retention 

 Self-discharge, which drain the electrical energy stored in the battery, has been significantly suppressed. The self-discharge rate when left in fully charged condition for six months (at 25℃) is approx. 18%.

(Excellent Charging Efficiency

Using constant voltage in the charging method enables large amounts of current to flow during the initial charging stage. And as the charging process approaches completion, the charge current reduces automatically, enabling highly efficient charging. 

To avoid PCL (Premature Capacity Loss), please set the charging amount at 105% to 110% of the discharge amount. 

3. Cell Construction

The battery is constructed so that the electrolyte is completely contained in supreme fiberglass non-woven separator. This makes the battery non-spillable since no fluid exists. Additionally, there are safety valves to prevent air from entering the battery which lower interior sealed reactions.
[image: image44.png]Table 1  Component Material  
	Component
	Material

	Positive plate
	(Active Material) Lead Dioxide

（ (Grid) Lead Calcium Alloy

	Negative plate
	（Active Material）Lead

（Grid）Lead Calcium Alloy

	Container, Cover
	Synthetic Resin

	Separator
	Absorbent Glass Mat

	Electrolyte
	Dilute Sulfuric Acid

	Safety valve
	Synthetic Rubber


4. The Work Principle of Valve Regulated Lead-Acid Battery 
4.1 Principle of Charging & Discharging
Positive plate

PbO2＋4H+＋SO42-＋2e- ⇔ PbSO4＋2H2O. (1)

Negative plate

Pb＋SO42-⇔ PbSO4＋2e- (2)

Entire battery reaction
PbO2＋2H2SO4＋Pb ⇔ 2PbSO4＋2H2O (3)

The discharge reaction is shown as equation (3) from left to right，and the charge reaction is shown as (3) from right to left. If the battery is charged more than 100%，(4) and (5) will mix, causing water to be electrolyzed and reduced.
Positive plate  H2O→1/2O2＋2H+＋2e- (4)

Negative plate  2H+＋2e-→H2 (5) 

Theoretically, if the battery is over charged 1Ah, the water in the battery will be reduced by 0.336g. Water supplement is necessary for flooded lead-acid batteries. However, valve regulated lead-acid (sealed type) batteries, with normal usage electrolyte will not cause to decrease, hence no water supplement needed.
4.2 Absorbing Reaction Principle of Negative Plate
The theory of sealed valve regulated lead-acid battery is as follows: the negative plates will absorb the oxygen generated from the positive plates during charging. VRLA battery uses an absorbent glass mat as separator to contain electrolyte so that no fluid exists inside battery. The oxygen generated from the positive plates during charging will easily migrate through the separator to the negative plates. The negative plates lead will react with oxygen and transform into lead oxide, which reacts with surrounding acid, turning into sulfuric lead and water. The water lost in the process (4) and (5), can be generated again
Furthermore, sulfuric lead generated in negative plates will turn into discharge condition, so no oxygen generated. 
Positive plate

H2O→1/2O2＋2H+＋2e- (6)

Negative plate

Pb＋1/2O2＋SO42-＋2H+ →PbSO4＋H2O
PbSO4＋2e- → Pb＋SO42-  (7)

5. Characteristics of Valve Regulated Lead-Acid Battery
5.1 Residual Capacity Estimation

For Lead-Acid Battery，we can evaluate remaining capacity according to electrolyte gravity, but for valve regulated lead-acid battery，the electrolyte gravity cannot be checked because it was sealed by safety valves . By checking the OCV (24 hours after charge or 10 minutes after discharge) the remaining capacity can be estimated (Fig. 5).

Fig5. OCV and Remaining Capacity 
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5.2 Discharge Characteristics

1） Capacity and Discharge

Battery capacity is expressed by how many hours (H) a battery will last with how many amps (A). It varies with discharge current (A), more specifically, rate of discharge. The Fig.6 & 7  are discharge characteristics demonstrated by batteries of 0.05CA~3CA（PX, TPH, PXL, TEV Series to 6CA）. Here C stands for nominal capacity value (capacity shown on battery label)，and CA stands for discharge current .

Take 12V, 7.2Ah battery as an example：

（i.e.）0.05CA=0.05×7.2=0.36A    3CA=3×7.2=21.6A
Discharge current increases as battery capacity decreases; this is because the electrolyte diffusion cannot keep up with the reaction speed.
2） Ambient Temperature and Capacity
The electrolyte diffusion is also affected by ambient temperature. In other words, the electrolyte diffusion rate decreases when ambient temperature lowers. Fig 8 & 9 are shown the relationship.

3） Max. Discharge Current

The lead acid batteries of PE/PX/TPH/PXL series are designed to discharge at 15CA for 5 seconds, and 6CA for continuous discharging. But when using connecting wire & terminal, max discharge current is limited as shown in table 2.  

Table 2  Max Discharge Current Allowed 
	Terminal
	Max. Discharge Current (A)

	
	Continuous
	In 

1 HR
	In 

1 Min.

	Standard

Terminal
	4.8mm

(187 Type)
	16
	24
	48

	
	6.3mm

(250 Type)
	25
	38
	75


Table 3  The Final Discharge Voltage at Various Currents 
	Discharge Current
	Final Discharge Voltage

	Under 0.01CA
	1.90V/cell

	0.01CA   ~   0.2CA
	1.75V/cell

	0.2CA    ~    0.5CA
	1.70V/cell

	0.5CA    ~    1.0CA
	1.60V/cell

	1.0CA    ~    2.0CA
	1.50V/cell

	2.0CA    ~     3.0CA
	1.35V/cell

	Over 3.0CA
	1.00V/cell


* C stands for nominal capacity.
* The voltage in Table 5 means voltage per cells. Final voltage is determined by multiplying cell number by voltage.
4）Final Discharge Voltage

Battery should never be discharged to less than pre-determined final discharge voltage (Table 6). Otherwise, internal chemical combination is damaged; then chemical reaction and battery capacity will be decreased. Table 6 shows the lowest final discharge voltage at various currents.
Fig6. Discharge Characteristics (PE)
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Fig7. Discharge Characteristics (PX/TPH/PXL)
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Fig8. Temperature Effects in Relation to Battery Capacity (PE)
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Fig9. Temperature Effects in Relation to Battery Capacity (PX/TPH/PXL)

[image: image30.jpg]Capacity Retention (%)

110

100

90

80

70

60

50

40

30

20

10

T
005CA
- -
01CcA
L—] 02CA
L— 05CA
[ 1CA
2CA
| ] A
[ 8CA
-20 -10 10 20 30 a0

Ambient Temperature (°C)

50

One Example




5.3 Charging Characteristics
The constant voltage charge method is recommended to charge our battery for both of standby use (trickle charge or float charge) and cycle use. Standby use is for emergency power supply, to keep battery fully charged at all times. Adopt lower charging voltage to prevent over charging. Meanwhile, cycle use requires charging to be completed in shorter period of time with higher charging voltage. For each specific charging term, please refer to the general charging characteristics of standby use and cycle use are shown in Fig. 10. 
Fig10. Constant Voltage Charge Characteristics (PE/PX/TPH/PXL)
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2) Cycle Use
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5.4 Storage Characteristics
Self-discharge is a phenomenon in batteries in which internal chemical reactions will reduce the stored charge without any connection between the electrodes.
The metal, which would accelerate self-discharge, cannot be used for the grid alloy. Even after long storage or intermittent use, sulfuric lead will not crystallize easily. This is special characteristic of “PORTALAC” Series.

1) Self-Discharge Rate and Temperature
In storage for 6 months under fully charged condition, the average daily self discharge rate is about 0.1%（25℃），which is apparently about 1/3~1/4 of normal lead-acid batteries .
Self-discharge rate is greatly influenced by temperature. Daily self-discharge volume in relation to temperature is shown as Fig. 11. Furthermore, relationship between storage time under different temperatures and remaining capacity is shown as Fig. 12.
2) Storage Temperatures and Residual Capacity
“PORTALAC” Series as the above-mentioned can withstand long- term storage. However, if stored for too long, even charging cannot restore the capacity completely. Storage period in relation to temperature is shown as Fig. 13.
Fig11. Ambient Temperature and Self Discharge Rate (PE/PX/TPH/PXL)

[image: image46]
Fig12. Storage Period & Capacity (PE/PX/TPH/PXL)
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Fig13. Storage Period & Temperature 
[image: image48]
5.5 Life Characteristics 
A battery will gradually deteriorate and lose capacity until it cannot hold a usage anymore, it will not restore completely even charged again.

（Definition of life end：VRLA battery capacity decrease to 1/2 of preliminary capacity.） 

1）Cycle Use Life Characteristics

（a） The Effect of Depth of Discharge 

Fig. 14 & 15 shows the life characteristics of different discharge depths in cycle use. The deeper the battery is discharged, the fewer life cycles. As a result use a larger capacity battery is more advantageous to battery life under the same load.

（b） The Affect of Over Discharging
In cycle use, over charge will cause corrosion of positive grid and loss of premature capacity. When the battery is charged to 105~110% of discharging volume shall stop charging process with timer, do not continue to charge the battery.

2） Life Characteristics of Standby Use

The normal standby use life characteristics of PORTALAC Series are shown in Fig. 16 & 17. The standby use life will vary with ambient temperature, discharge current, discharge cycle, discharge voltage and storage time.
（a） How Ambient Temperature Affects Life

High ambient temperature will cause corrosion of positive grids, vaporized water will pass through container and cause internal resistance to increase as well as shorten battery life. So we shall watch out ambient temperature. Ambient temperature in relation to life is shown in Fig. 16 & 17.
（b） How Discharge Current Affects Life

Standby use battery life will vary with load current. Load current up to 0.25~3CA will affect battery life as shown in Fig.18. Please fully understand the system you use relates to load current and life.

（c） How Discharge Voltage Affects Life

Charging voltage relates to life as shown in Fig.19 & 20. Voltage was set to 2.25~2.30V/cell, the higher voltage causes larger charging current. This will speed up corrosion of positive grid and shorten life. But lower voltage will lead to insufficient charging.
（d） How Discharge Frequency Affects Life

Normally, the life expectancy of standby use is based on 10 discharges/year. If discharge times are more than 10, life will be affected as shown in Fig.21.

(e) How Storage Affects Life
If storage time is too long, the battery will not have a 100% life. The relationship is shown in Fig. 22.
5.6 Anti Over Discharge Characteristics

For this series batteries, there are technics applied regarding over discharging, compare with other lead-acid batteries, our products have better anti-over charging characteristics. If electrodes are connected continuously for 24 hrs with constant resistance short circuit, the characteristics of storage for 1 month with OCV condition shown in Fig. 23.
Fig14 Cycle Life Characteristics (PE/PX/TPH) 
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Fig15 Cycle Life Characteristics (PXL)
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Fig.16　Standby use Life Expectancy（PE/PX/TPH）
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Fig.17　Standby use Life Expectancy（PXL）
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Fig.18　Discharge Rate & Life（PE/PX/TPH/PXL）
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Fig.19　Charge Voltage & Life（PE/PX/TPH）
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Fig. 20　Charge Voltage & Life （PXL）
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[image: image49]Fig. 21　The Life Influences by Discharge Times（PE/PX/TPH/PXL）
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Fig. 22　Storage Time & Life
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Fig. 23　Over Discharge Storage Time & Discharge Capacity
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6. UL Certification

All VRLA batteries shown in Table 4 below have been certificated to UL924（Component-Emergency Lights and Power Batteries）which have been certified.
Table 4 UL Approval Models 

	Certification#
	Content
	Battery Model Names

	U.L.
Approval Code： MH13567
	U.L.924

Component-Emergency Lights and Power Batteries
	PX06090
PX12050

PX12072

PX12090

PX12120

PX12170
PXL12050

PXL12072
PXL12090

PXL12120

PXL12180
	PE6V1.2

PE6V3A

PE6V3.2

PE6V4.5

PE6V7.2

PE6V8

PE6V12
TPH12080

TPH12100
	PE12V1.2
PE12V2.7

PE12V3A

PE12V4.5

PE12V4.5A

PE12V7.2

PE12V12

PE12V17
PE12V18

PE12V24A
PE12V26A

PE12V40
	TEV12120

TEV12180

TEV12210

TEV12260

TEV12360

TEV12360(A)

TEV12500

TEV TEV12750


7. Charging of “PORTALAC” Series

It’s very convenient to choose the appropriate charging method according to the application and conditions to get full performance of the battery (current, time and temperature).
Inappropriate charging is not only leads to electrolyte reduction, but also rapidly damages the inner plates. You shall choose charging method carefully, since it can greatly affect battery life.
7.1 Constant Voltage Charger
For charging of “PORTALAC” Series, please use a temperature compensated constant voltage charger. When applying this charging method, the charging current initially is large and decreases towards the final stage of charging. For standard charger design, please refer to Table 5.

7.2 Rapid Charging Method
When using a constant voltage charging method for “PORTALAC” Series, it’s possible to charge rapidly by a using charger with safety devices. When applying a rapid charge, protective measures (temperature compensation circuit, temperature protecting devices etc) shall be used to prevent any insufficient charging at low temperature and over charging at high temperature.   
Table 5 Constant Voltage Charging Specification of “PORTALAC” Series
	Application
	Standby Use
	Cycle Use
	NOTE

	
	
	Normal
	Rapid Charge
	

	Charging Method
	Constant Voltage Charging
	Compensation STD temperature ：25℃

	Voltage Set (V/cell )25℃
	2.275±0.025
	2.425±0.025
	2.45±0.025
	* For battery set more than 10Ah, 1.0CA
For battery set more than 10Ah, 0.75CA
For battery set under 10Ah, 1.0CA

	Compensation 
Temperature（mV℃/cell）
	-3
	-5
	-5
	

	Preliminary 
Max. Charging Current 
	0.25 ( CA )
	0.25
	1.5 *
	

	Charging Time
	100%
Discharge Status
	24
	10
	2~3
	

	
	50% 
Discharge Status
	22
	8
	1~3
	

	Temperature （℃）
	0~40℃
	0~30℃
	Low charging efficiency under 0℃

	Cautions
	Please control cell temperature variance within 3℃.
	Please install temperature control on battery， or use charger with timer.
	In cycle use, when charging volume is 105~110%of discharge volume, please use timer to cut off.　If cannot cut off automatically, please follow the above charging time. Better not to repeat long time charge, since battery life will be shortened.

	
	Application between 10 ~ 35℃， no need to do temperature compensation .
	
	


Fig. 24 Temperature Compensation of Charging Voltage
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8. Operation and Maintenance Guidelines
In order to get full performance of the Valve Regulated Lead-Acid Batteries (Commonly known as VRLA Batteries), please read information below carefully when using or installing these batteries.
(Application Range 
User guidelines for “PORTALAC” series　VRLA battery is shown:

a) In order to use the batteries safely, it’s very important to use, maintain and inspect the batteries correctly. Please read this user guidelines manual and cautions carefully before using. If you do not fully understand this manual and cautions, please directly send your questions to our company. Wrong application will lead the batteries to acid leaking, heating and explosion as well as body/facility damaging.
b) Batteries would not perform well with wrong equipment. Please read the manual and cautions of the equipment too.

c) In this manual, the levels of danger are shown in below.
	Sign
	Meaning
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Danger
	Means extreme danger. Improper usage will cause serious injury or even death.
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     Warning
	Means urgent danger. Improper usage will cause the possibility of death, serious injury and light injury or facility damage.
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     Caution
	Means ordinary danger. For improper usage, the possibility of serious injury is less, but may cause light injury or facility damage.
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     Suggestion
	Means improper usage will affect the quality and performance of the battery.


(Dangers in Application
1) Please do not store the battery in a closed environment, shall keep it away from fire sources. If not tend to cause an explosion, fire, facility damage and body injury. Moreover, battery may emit hydrogen gas.
2) Metal tools such as torque wrench shall be insulated with vinyl material. If not, heat and spark can be caused by short circuit, which will damage battery and even cause an explosion or fire.
3) Do not connect the positive terminal and negative terminal with wires or other metals.  Furthermore, never contact metal tools such as torque wrench with points of different voltages. Doing like this may cause a rise in battery temperature and emit hydrogen. That will cause acid leakage, fire and even an explosion.
(Warnings in Application
1) Please do not use the battery in a moist environment or immerse it in water, doing this will cause battery acid leakage, electric shock and fire.

2) Please make sure to connect the proper polarities of the batteries. Connecting wrong polarities can cause fire or damage to the equipment.  
3) Please do not weld battery terminals and never reverse battery terminals when charging or it will cause acid leakage, heating and explosion.

4) Please do not use/leave the batteries near transformers, heat sources, or inside an automobile under the sun, and never place them under direct sunlight, near heater, fire or in any other spaces of high temperature. All of these will cause acid leakage, heating and explosion.

5) Please do not decompose, reconstruct or destroy battery that will cause acid leakage, heating and explosion.

6) Please use a specialized charger to charge the battery, and follow the specified charging terms. Charging under different conditions will cause the battery to leak fluid, heating and emit hydrogen even cause explosion.  
7) Battery contains diluted sulfuric acid. If the acid leaks out and gets onto your skin or clothing, please wash it off immediately with clean water. Additionally, if the acid splashes into your eyes, please wash them with large volume of flesh water and get immediate medical attention. If acid splashes into your eyes, which may cause a loss of eyesight, and when it gets on your skin, it will cause a burn on your skin.  
8) Do not install battery at an angle over 90 degrees, as this will cause battery leakage, fire and explosion.

9) Do not clean battery with any dry fabric or duster can cause static electricity, which may cause an explosion. Please use a cloth that contains an adequate amount of moisture.

10) Battery container material is resin, therefore please do not use any type of organic solvent (such as gasoline, lamp oil and vaporized oil etc) to clean the battery surface. Those materials can lead to battery container/cover cracking.

11) Please replace the battery when the time indicated on equipment or in owner’s manual. Usage beyond expiration date will cause acid leakage due to container damage and even can result in an explosion. 

12) When the connection voltage from the battery in series is 45 volts or above, please wear protective article such as rubber gloves. Operation without enough protection can lead to electric shock.
(Cautions in Application
1) The temperature ranges for batteries usage are listed as below. Usage outside the following ranges will shorten battery life and lower its performance level, and may cause acid leakage, fire and explosion.
During charging ：0～40℃
During discharging ：-20～50℃
During storage ：-20～40℃
2) Do not use the battery out of its application range. Doing this will cause acid leakage, fire and explosion...etc.
(Suggestion in Application
1) Please do not use intermediate stoppers when you are using batteries in series connection.

2) Please do not over discharge because it will affect battery life, takes a whole day to recharge once over discharged, because over discharge relates to final discharge voltage. For discharge final voltage, please refer to this text.

3) In case there is temperature difference between batteries because battery installed location, please control the difference within ±3℃.

4) Please control the battery connection voltage under 100V in series connection and avoid parallel connection. For standby use, if parallel connection or over 100V in series connection is needed, please follow the terms instructed as below. Please make sure to use it under 500V and for parallel connect less than 3 sets of batteries.

● Please use over charge preventive circuit
● Please use protection circuit that can stop over charge automatically when battery temperature become higher, or use charging circuit that can change charge voltage by temperature coefficient with -3mV/°C cell (Especially -3 ~ -5mV/°C cell in rapid charge) details showed as table 5.

● When place batteries, please keep 10mm away from surroundings and other batteries. Keep proper ventilation as well.

● Please set resistance of each battery to equivalent.
5) Repeated over discharging will shorten the battery life，so please follow charging specification .
(Other Cautions & Suggestions
1) When you choose battery, please make your decision after checking rated value and characteristics in this manual or product catalogue. Please ask us for specification when needed.
2) Please consult with us first if you are considering using the battery in extremely high reliability applications listed as below or other applications, which are not listed in this manual.

a) Submarine Machines (Submarine repeater, Sea operation machines etc)

b) Control machines for moveable objects (Precise control instrument for automobiles, Airplanes, Railroad, Vessels…etc.)
c) Medical machines (Life sustaining devices, Dialysis machine, etc)
d) Machines for nuclear, or national defense.
e) Other machines that demand high reliability at the same level mentioned above.

To Help Recycle
To recycle the used batteries, please send to our appointed locations or qualified battery recycling plants. When recycling batteries, please isolate battery terminals. For detailed Information, please contact us.
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