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Adsorption rate of Phosphate Corrosion Inhibitor in Carbon Steel pipe
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Abstract

This study was performed to evaluate the adsorption rate of phosphate corrosion inhibitor
and reaction rate constant in drinking water distribution systems. The optimum concentration
of corrosion inhibitor would vary depending on the quality of water, pipe materials, and
condition of metal surfaces. The current adsorption study indicated that the residual phosphate
concentration of the corrosion inhibitor decreased with the time as it adsorbed on the surface of
pipe material. As time went by, the residual phosphate concentration became constant. It means

that the formation of the corrosion protection film on metal surfaces is completed.
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Fig. 2. Schematic diagram of simulated pipe loop system
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Table 1. Characteristics of initial water quality in batch test T AVARLE, ZEAE, AL, AYge] =2
Contents Results SRR s
Temp. ('C) 20
pH 733 _
vl wl
Conductivity (LCVcm) 187 m. 23 3 3%
Alkalinity (mg/L as CaCO3) 39
Calcium hardness (mg/L as CaCO3) 44 1. A|ZF Zxjof| wE olAkdo] 2
CI" (mg/L) 134
Turbidity (NTU) 0.61 _ -
R 1) 3/2Al(Batch) AlE
Corrosion inhibitor dosage (mg PO4/L) 24
AZE 3o mhE 14FH (Phosophate) &) 7H4:
Table 2. Experimental conditions .
P SRR Fig 3% 2uh R 27%E
Water velocity|Retention time| ~ Pump  |Operation time 22mg PO4/LE FYT $ AAHHY v 484
m/sec hour operation da _ -
S B R 2 A% ¥ 0gme/L A A8 asitol 1
r N -
115 2| o |10 ool Wat} A2 fek
228 Q] BF Gl Y] 4
Table 3. Characteristics of initial water quality of pipe loop oS ATy 7EAshE w9 WE o olak
system Qo] AT e ol AN F YTk
Contents Range AlH YHel thH A
Temp. ('C) 20~25 = X2 x314XA|He] 7o)
PH 725735 = 165mm X 314 X 300m
Conductivity (4S¥cm) 175~185 T et m
Alkalinity (mg/L as CaCOs) 35~40 = 1554.3mm?
Ca_1c1um hardness (mg/L as CaCO3) 42~48 B a7t zhe) oA of olAbdo] X kel
CI" (mg/L) 142~158 . o oo
— o) = i Ayl
Turbidity (NTU) 0.50~0.54 = s Qo] R X AU R §-5)/
Corrosion inhibitor dosage (mg PO4/L) 24 AlH 9] TH A
30
25 L
ED 20 F
S
§ 15 F
”Hﬁ‘
g 10 |
05
00 L L L L L
0 20 40 60 80 100 120
Time(hrs)

Fig. 3. Variation of phosphate concentration according to time
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Fig. 4. Variation of phosphate concentration according to time(Simulated loop system)

= 15mg/L X 0064L/1554mm? W O3 Zo] Yl 4 lh
= b 2 ;
617761 X 10-5mg/mm ~d[POY] ]
T k[PO;]

2) 2o Himrad A3

AIZE Z3tol whE Q14 (Phosphate) o] 4

B2A97204 9] 275 % 22mg PO/LE FY3H

o
A FEE 19 43 §F 12mg/L7HA [POY]=[PO}], - ekt
A3 745t} 89 AT o= k7t A 74
C’; ] ™ O]'r’]' }-, = o-’/]"l‘ ] (=] o]- 1;157_ 1?1,%41\_}_ )E)}g[: kT‘:‘ E]‘%;}- 7E]—o] ‘?-—32]-

Table 4. Decrease of phosphate concentration and
5 determination the rate constant in batch test

o] = 7o) OAF o Agloitt B A
P04 o =T 1 ] = oo}ﬂ] T ]E]Mr/]' o= Time (hr) PO CIC, In(C/Cy) X
Az A 2ol ulgadrge] FUS F219A 0 240 1 0
A% 3|82 (Batch) A&7 SARHA 12 o]yo) 8 200 | 0833333 | -0.18232 | -0.02279
_ . k) 110 | 0458333 | -078016 | -0.02438
Qlatd el FEE Img/L o WE HHHOR FX 48 090 | 0375 098083 | -0.02043
HI JE ASE A= F 56 090 | 0375 -0.98083 | -0.01751
7 090 | 0375 098083 | 001362
80 110 | 0458333 | 078016 | -0.00975
2. O|AIS] ZiAo| HI2Z4 Al£~0 Al
Rlug gao HSEHE g Al 96 100 | 0416667 | -0.87547 | -0.00912
104 100 | 0416667 | 087547 | -0.00842
[ A
1) Qlitdo| HES AL Ak 120 100 | 0416667 | -087547 | -0.0073

1 A ] A HHES 1%} ¥kgolE . 71 e} * Assuming first-order kinetics
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Fig. 5 Variation of phosphate concentration according to time
In [PO:I] Table 5. Decrease of phosphate concentration and
[POT determination the rate constant in simulated loop system
it Time(days)) PO, C/IC, | In(CICy) k
0 2.60 1 0
_!(Batch) AE'?:'! 721 J-l_l_ 1 2.50 0961538 | -0.03922 | -0.03922
2 1.00 0.384615 | -095551 | 047776
A7 Ao w2 1Ak (Phosphate) @] 7HAE 3 110 | 0423077 | -08602 | -0.28673
4 1.10 0423077 | -0.8602 -0.21505
- ALK O [z e) :
St AR Table 4o e 2LSH, Fig. 5 5 100 | 0384615 | 095551 | -0.1911
= 48AZA Y] A7 A e wE Qg ] B 6 100 | 0384615 | -095551 | -0.15925
- 7 1.10 0423077 | -0.8602 -0.12289
o] H|E LT A3 Aot} 48X 7 7R elAkd 7}
o1 HIE EATR SlelH A7 ) soE 8 100 | 0384615 | 095551 | 0.11944
Ao HSEE AFe oF -002/hour 01U 9 100 | 0384615 | 095551 | -0.10617
48/‘]7‘1'77]‘;(] ?_;1\_%] %EQ] H]Tt‘ }‘\j-gé];kl]gi 7]3]_ 10 1.00 0.384615 | -0.95551 | -0.09555
2skgom, A 07 TA S o3 2ok * Assuming first-order kinetics
02
- 0 \ L
", 3 4
S 02}
&
o 04f
S
= o6}
08}
y=-0.3497x+0.0608
ab RrR=07698
-12

Time(days)
Fig. 6. Variation of phosphate concentration according to time
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