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A Study on the Anti-Corrosive Properties of Glassy
Polyphosphate Inhibitors

Won-ll Cho, Un-Suk Kim, Hyung-

Sun Kim, Byung-Won Cho and Kyung-Suk Yun

Electrochemistry Lab., KIST

In order to develop an inhibitor for portable and industrial water, the fabrication methods

of polyphosphate inhibitor and its anti-corrosive properties were investigated. The fabrication

process of polyphosphate inhibitor comprised mixing, drying, pulverization, polymerization

and molding. The polyphosphate inhibi

tor consisted of primary sodium phosphate, dibasic

sodium phophate, zinc carbonate, calcium carbonate and aluminum oxide. The polymeriza-

tion was performed in the muffle furnace at 850C for 1hr and then glassy polyphosphate

inhibitor was obtained by pouring the melts into stainless steel mold which was pre-heated

to 200C. The solubility of polyphosphate was determined by measuring the phosphate ion

concentration and the conductivity of po!
investigated with the anodic polarization

lyphosphate solution. The anti-corrosion effects were

experiment of steel plate and the field test performed

in both stationary state and dynamic state. The dissolution bath should be controlled to

maintain the phosphate ion concentration of solution at 5~10ppm.
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Fig. 1. Schematic diagram of fabrication apparatus
for glassy polyphosphate inhibitors. (a) melting
furnace, (b) stainless steel mold
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Mixing

Drying 120~150C

Pulverizing

Polymerization 800~850C

Molding 200C

Products

Fig. 2. Fabrication process of glassy polyphosphate
inhibitors.
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Fig. 3. Schematic diagram of (a) dissolution bath
for glassy polyphosphate inhibitors and (b) corro-
sion test cell and specimen,
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Table 1. Chemical compositions of inhibitors.(mole 25)

NaH,PO, Na,HPO, AlLOs CaCOs ZnCO;
Inhibitor-A 20 0.28 0.05 0.10 0.24
Inhibitor-B 20 0.06 0.05 0.10 0.37
Inhibitor-C 20 0.28 - 0.20 -
Inhibitor-D 20 0.06 0.05 0.05 0.37
Inhibitor-E 20 0.06 0.05 0.20 0.37
Inhibitor-F 20 0.06 0.05 0.15 0.37
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Table 2. Chemical compositions of test speci-

men.
Composition Mn Cr P Si Fe
Content(wt%) 028 0.16 0.025 0.02 balance

Table 3. Chemical composition of potable water
(pH=5.8).

Composition Fe Ca Mg Cu ClI DO
Content(ppm} 0.06 134 36 0.04 1026 87
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Fig. 4. X-ray diffraction analysis of polyphosphate
inhibitors.

Table 4. Heavy metal concentration in polyphos-
phate

Composition As Cd Pb Hg
Content{(ppm) 11 {1 (5 <0.05
Crjteria(ppm) (2 (2 {15 <002
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Fig. 5. Solubilty changes of various polyphosphate
inhibitors with the dissolution time.

Table 5. Solubility of varioud inhibitors vs. water flow rate.

Flow rate(ml/sec) Flow rate(cm/sec) PO *(ppm) G (pmhos)

20 1.2 1.3 4.0

Inhibitor-A 25 1.7 1.0 38

60 38 1.0 38

20 1.2 05 1.9

Inhibitor-B 25 1.7 05 1.9

60 38 05 1.7

, 20 12 13 3.2
Domestic-

. 25 1.7 0.8 3.0

Inhibitor
60 38 0.6 22
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Fig. 6. Potentiodynamic polarization curves for Fe-
plate vs. inhibitor concentration in portable water
{Inhibitor-B).
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Fig. 7. Potentiodynamic polarization curves for Fe-
plate vs. inhibitor concentration in portable water
(Domestic inhibitor).
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Fig. 8. Potentiodynamic polarization curves for Fe-
plate vs. inhibitor concentration in portable water
(Foreign Siliphos).
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Table 6. Effect of inhibitor concentration on the
corrosion of steel plate in stationary condition.

Inhibitor conc,ppm 0 2 5 10 20 40 80
0 OO0 0 O 0 0

T 1 A48 00 0C0C

I 2 AA N N AN N C

M 3 0 O O Y N

E 4 0 I 0 [
(hr) 5 oOoooonod
12 X X X X X X X

(O : specimen and solution were not changed

A scale was appeared in small area, solution was
changed to yellow

[ : scale was appeared in total area, solution was
changed to red

X : scale was appeared in total area, solution was
changed to turbidity and red
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WA FH9b Fxo #A e BF 2417 el
o] Wb slglom, 12412 7
Wo| A2 HA Watgich, maby A A Abe) sl 4
WA EZE Ao goke 2ol dAEe Ao
LR ",

B FgAade] FEAEH sl FAAd
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§ated A AARLE AAF AlH} A @ FE
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Table 7. Corrosion rate changes of Fe-plate vs. inhibitor concentration in dynamic condition.(mpy)

Inhibitor conc., ppm 0 2 5 10 20 40 80
. A 12.1 92 6.1 24 0.3 0.2 0.2
Inhibitor-B
B 21.0 17.1 12.1 6.0 0.5 04 0.3
Domestic- A 13.0 11.1 8.7 4.2 1.2 0.2 0.3
Inhibitor B 220 19.7 125 6.2 1.3 1.2 12
Foreign-Silioh A 125 9.8 8.1 39 0.8 0.2 0.1
reign-Siliphos
oreign”Stip B 20.5 14.8 94 6.2 11 03 0.2

A ! polished specimen
B non-polished specimen

Table 8. Corrosion of steel plate in dynamic condi-
tion(Inhibitor-B).

Table 8. Corrosion of steel plate in dynamic condi-
tion(Domestic Inhibitor).

Inhibitor conc.,ppm 0 2 5 10 20 40 80 Inhibitor conc,ppm 0 2 5 10 20 40 80
0 COO O 000 0 OO0 O O O 0

T 1 AN 000 C OO0 T 1 AN OO O O O

I 2 OA0 0O O 00 I 2 O0Oa A OO0 0O

M 3 XA n O 0 O C M 3 00 o a o ¢

E 4 XUa OO OO0 E 4 X XOOa oo

(day) 5 XOa OO0 O O (day) 5 X X X 1A A O
6 X X Oa C O 0O 6 X X X X A A O

7 X XA O OO 7 XX X X A A O

Aoz AzEr

3 Table 8~100 viebdl 520 )3t 244
FAAN A B, A Pol AH8E BE yAyA o
AAEAZE FEEA Jebded, WA A-BE A4

2] =7} 20ppmelAtel Aol % Al W3} g
E vl R AR E2A st o, F4t Y
Shab Al B EetabA vebyc, ma wy
A-Bi 20ppmol e a4t FEoME FE 4
= ‘d*&"éoﬂ o8 o]l A4 FAEE Aoz Jet

=, ol FAEEe HA AN Yehd A
TRl Mo WAA-Be] 2 RALEe Uy
HA7E sl Aoz FAEY, = Axsox vt
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A A vebb Al A sl ake) el 4 B o
WA AR o] $58 Aor Y F
sk WA 2] FeA B we Qi FEo}
FNETE FAG TR G oo g =r)sy

o
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Table 10. Corrosion of steel plate in dynamic con-
dition(Siliphos Inhibitor).

Inhibitor conc,ppm 0 2 5 10 20 40 80
0 ONORONONOIOING

T 1 Oaasn C O OO0

I 2 O0aa OO0 O

M 3 XO0ooaoo

E 4 XX OO asa © O

(day) 5 X X X DA OO
6 XXX OdOasa OO

7 X X X X A O O

olsh FA Aol BT FIE AL &

A ez, o 324 Brot

=3 Be Q49 Afo] aPHEE 751117—1"1

SRS uld A sha) ook, ol g So] 29 Ahg

ol Wobal F AU B el 4 T4 S
FAlZ] #e ASelE 2 FEsb Yol ua
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EF7E A vdehbd AFAEe] 21 A fele ¥
AaFr} YA H22 25 E Fiof A F
zo Z7bE AF FFE 43 AAH FHAA
FA 23, a8ER FEALEY e A
A RS ol e gof AFAZE & Al o
o]z} A7} Aol wpE R A 2} W stE 125}
AR st o] wietRgd ¥ A7 Az %
AA e FAAFAze] 28 wd APelE 5
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4.8 &

Sodium phosphate mono basic, sodium phos-
phate dibasic, zinc carbonate, calcium carbonate,
aluminum oxide 5% 982 3o 850Cel A 1417
2ot 2@ste] FEAAG HAAE Azt 2
EQL AT A3 g 22 AR U

1. Sodium phosphate mono basic, sodium phos-
phate dibasic, zinc carbonate, calcium carbonate,
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