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Abstract Leakages during the transportation and handling of chemicals leakages can cause damage to
property and injure those contacted. When a leak is due to an acid or basic substance, the material
concerned must be removed physically or chemically. In the event of acid leakages, it has been
experimentally shown that sodium hydrogen carbonate (baking soda) is an optimal neutralizer. In the
present study, neutralization experiments were conducted with three types of weak acids to select
optimal neutralizers for the management of leakages of basic liquids. Citric acid, aluminum sulfate,
oxalic acid, and commercial products were used to neutralize aqueous ammonia and sodium hydroxide.
Aqueous citric acid solution had a lower reaction temperature than other neutralizers due to the amount
of water present, whereas oxalic acid was highly reactive, caused a rapid increase in temperature,
generated steam, and produced a white salt residue. On the other hand, aluminum sulfate reacted only
slowly with basic substances, and large amounts were needed. Basic neutralizers had low reaction
temperatures and excellent reactivities but left residues and were expensive. Considering reactivities and
economic feasibility, citric acid and aqueous citric acid solution were identified as optimum neutralizers

for managing leakages of basic substances.
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Table 1. Risk Indication by NFPA 704 of Basic
Substance and Neutralizers
NFPA
Division |Material | Health Fire Reactivit Special
Hazard | Hazard VY1 Hazard
Sodium
Base Hydroxide 5 0 1 ALKALT
Substance  |Ammonial 3 . o |CORROSI
Solution| VE
Citric
Acid 1 0 0 B
Aluminum 2 1 0 B
Neutralizers | Sulfate
Oxalic
Acid 5 1 0 -
SPILL-X-C - - - -
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Table 2. Contents of Basic Substances used in the
Neutralization experiments.

Molecular ) )
Material Contfnts Volume Weight Weight | Molecular
(wt%%) (mL) (8 (mol)
(g/mol)
5 50 40 2.5 0.0625
20 50 40 10 0.25
Sodium
Hydroxide 30 50 40 15 0.375
40 50 40 20 0.5
50 50 40 25 0.625
; 9 50 40 45 0.1125
Ammonia oo
Solution - z 14 O ~
25 ~301 30 35.04 125~ 15 o0
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Table 3. Neutralizing Agent Requirements by
Concentration of Basic Substances

Aqueous
Material Citric Acid | Citric Acid | Aluminum [Oxalic Acid
ateria (g) Solution | Sulfate (g) (g)
(1:1) (mL)
5% NaOH 4.0 6.5 10.0 3.0
20% NaOH 18.0 26.8 20.0 12.0
30% NaOH 24.0 40.0 30.0 18.0
40% NaOH 32.0 53.6 40.0 24.0
50% NaOH 40.0 63.0 50.0 30.0
9% NH;OH 20.0 30.0 30.0 15.0
25-30% NHsOH 45.0 77.0 50.0 30.0
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Table 4. Maximum temperature of neutralization
reaction (C)

Citric
Solution
5% NaOH | 20.30 21.10 13.95 26.90 29.15
20% NaOH| 59.00 49.10 22.00 26.90 57.05
30% NaOH| 83.55 53.90 24.60 25.25 67.2
40% NaOH| 105.90 78.95 34.60 58.25 92.3
50% NaOH| 113.80 88.30 49.30 98.75 111.55
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Fig. 1. Comparison of temperature rise in 50%

aqueous sodium hydroxide solution and Basic
Substances neutralization reaction.
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Fig. 2. Comparison of temperature rise in sodium
hydroxide solution and citric acid (cleaning
Product) neutralization reaction
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Fig. 3. 50% aqueous sodium hydroxide solution and
Basic Substances neutralization reaction.
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Table 5. Maximum temperature of neutralization

reaction (C)

Citric

Solution
9% NH«OH | 58.50 | 47.75 17.15 57.45 57.30
25-30% NH,OH| 80.75 | 70.10 18.50 113.95 62.05




e =2

FEAL U332 AT A FIA AR

120

100 A

80 4

60 -

== Citric acid

= Citric acid(solution)
=== Aluminium Sulfate
= Oxalic Acid

= SPill-X-C

40 -

Temperature(C)

20

100 150 200 250 300

Time(s)

Fig. 4. Comparison of temperature rise in the
process of neutralizing 25-30% ammonia
water and Basic Substances neutralization
reaction.
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Fig. 5. 25-30% ammonia water and Basic Substances
neutralization reaction.
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Table 6. Average time to reach maximum temperature
when neutralizing Basic Substances

Neutralizing
Agent Aqueous
Basi 8™ Citric Acid | Citric Acid [Oxalic Acid| SPill-X-C
asic Solution
Substances
5% ~ 50% NaOH| 79.4 194.8 97.6 189.8
9 ~ 30% NH4OH| 60.0 240.0 20.0 95.0
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Table 7. Cost Comparison of Basic Substances(per kg)

Aqueous
Solution
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