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Name : Mr.Apithon Saovaros
Thesis Title . Fabrication of Moisture Absorption Inhibitor for Steel
Major Field : Material Science

King Mongkut’s Institute of Technology North Bangkok
Thesis Advisor : Assistant Professor Dr.Narong Pungwiwat

Academic Year : 2006

Abstract

Environments around metal have influence on corrosion of the metal especially humidity,
natural water, pure water, distilled water, aqueous ionic solution or sea water. These
environments can cause corrosion which depends on the stage of application.

This research aimed to study composite material which has moisture absorption property
for the advantage of inhibition of steel corrosion. (composed of kaolinite grafting with starch and
acrylamide mixed with a mixture of Cr(1ll) — thiourea — polyacrylamide) the composite also has
property of moisture absorption. After coating the composite on carbon steel grade SK5, moisture
absorption and corrosion inhibition of the steel were investigated. Under high relative humidity
(85% + 5%) it was found that varied amount of some components of the composite such as
polyacrylamide, potassium dichromate and grafting initiator (i.e.,ceric ammonium nitrate) had
effects on moisture absorption and corrosion inhibition. The optimum amounts of
polyacrylamide, potassium dichromate and grafting initiator were 1.76 %, 3.53 % and 1.93 %,
respectively. Evaluation of corrosion rate of bare carbon steels compared with composite coated
carbon steels after keeping these specimens under high relative humidity for a period of time
indicated potentiodynamically that composite coated carbon steels showed greatly reduction of
the corrosion rates. While bare carbon steel had increasing corrosion rate up to 32.20 %,
composite coated carbon steel corrosion rate increased only 8.00 % after keeping these samples
to a longer period of time which is suggested that the composite plays an important role in
corrosion inhibition under testing condition.

(Total 161 pages)

Keywords : Moisture absorption inhibitor, Composite material
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AUV (Kaolin , China clay)

2. 9zAT18a1 44 1Tume5 (Acrylamide Monomer ) : AR Grade
3. udlaiu (Potato starch)

4. &5n wonludlon Tuese (Ceric Ammonium Nitrate) : APS

5. wnau-la- ezaseanlug (N,N’ — Methylene — bis — acrylamide) : AR Grade
6. NIABONHIAN (Oxalic acid)

7. Taden'laasonlod (Sodium Hydroxide)

8. malulasiou (N)

9. ﬁymgu ( Distilled Water )

10. Tddengeon'lalnsua (Potassium dichromate) : AR Grade

11. lJl‘lfII’é)g'JGEJ (Thiourea): AR Grade

12. uonTuioulosFama (Ammonium Persulfate)

13. nsanosun (Formic acid) : AR Grade

14. LﬂéﬂﬂéjTﬂWg‘]Jﬂu 1n3A SKS

3.2 Yaqoinsainazinsesile
3.2.1 ¥a 3 A 1asvIn 4 A ( 3-neck LAY 4-neck round bottom flask)
3.2.2 1A599NIY ( Mechanical Stirrer )
323 ﬂaumuma{ (Condenser)
o a 1 al Y= 0
324 maﬂwmaimuqmwgﬂﬂm 100 C (Thermometer)
' g’ < .
3.2.5 91UV (ice bath)
3.2.6 919U (oil bath)
3.2.7 ugaamea

] <
3.2.8 UWUan
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329 1nseeTmmudloman (Potentiostat) 8170 Autolab J1 PGSTAT10
32.10 injesnouiiunes
32,11 n3eafiui
3.2.12 laTnsiined
3.2.13 1nTeadee 1 IfaziBendenaiion 4 §umnia 8o Sartorius J1 BP 210'S.
3.2.14 A3esTarumATeY SR8 Struers
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3.2.16.1 Ag/ AgCl Reference Electrode
3.2.16.2 Separate Pt Electrode
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A = . v %
3.2.21 1IATONAEDUANUHUA (Viscometer) 8110 Cannon U837 350
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3.4 MIAsgMEUvanNn1Flunmsnaass

v
3

< A aa .. 4

Tumsnaaeumanalomainddasumalnsalnil (Emission Spectroscopy) o1

4 = o v 4 1 o A 3 Aq Yo o
penlseneumuniitazonsiaiuvesssndsenevunazdaiinulwvaninledivsy
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uraszma'lng (Iron and Steel Institute of Thailand) HIIAMITNATDUNANINUIAAON
A a ~ A o o ¢ ) A & 9
NNl 24.9 DIAUFAUTT LATANUFUTUNNT 58 % RH  AI81AT094NATUTHD

Spectrolap Model : M8, Type : LAVWA 18A, S/N : 4N0149 lananmsnaaounail

soiunir AnnaIuvig il
IRON AND STEEL INSTITUTE OF THAILAND

TESTING CENTER Page 2/2

Attachment _: Testing Results of Chemical Composition

Reguest No. 1 (RS0 September] 3, 2006
Date Tested : September 13, 2006
Customer : Mr.Apithon Saovarose
Sample = Steel Plare SK 5
Temperature : 24.9°C |, Humidity : 58 %RH
Tested by : Spectrolab Model : MB, Type : LAVWA 18A, 5/N : 4N0149
Last Calibration : January 19, 2006
Sample Name Steel Plate SK 5 IS G 4401
Operation No. TC 491800 Deslgnation of grade
Element Resulte SKHS (5K 5)
C 0.8554 0,80 10 0.90
si 02233 0,10 10 0.35
Ma 0,3687 0.10 10 0.50
P 00068 0,030 max, |
5 0.0051 0.030 max.

(=4

1. The abave results ane valid exchusively for tested/analysed samples as mentioned in this repori.

2. Publication of the results on testing and analysis is prohibited unbess writien permission is obtsined from the povemor of 1SFT

FM-17025-TC-002(24/01/49) Rev.01
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4 4 @ Y 1 < Y {
ﬂ1§1\1ﬁ 4-22 Wﬁﬂ'li‘ﬂﬂﬁ"f]ﬂ!ﬁ’f]ﬂ'l@@i'lﬂ'liﬂ@ﬂif]uﬂl@ﬁlﬁﬁﬂlﬂaﬂﬂﬂﬁﬂﬁdﬁuﬂgﬂﬁ 6.

QSI 9J dy I Y
Tagna I3 lumsuzaiuguanudu 85 % iunar 20 Ju

YAl 7 uAwd 1 ¥Af 7 LA 2 ¥Af 7 uHwd 3
M leorr 7.124 x 10° A 7.088 x 10° A 7.162 x 10° A
a leorr 7.124 x 10" Alem™ | 7.088 x 10° Alem’ | 7.162 x 10° Alem’
a1 Ecorr.obs -0.643 V -0.623 V -0.678 V
a1 Ecorr cal -0.639 V -0.618 V -0.671 V
A Epegin -0.675 V -0.656 V -0.714 V
a1 Eeng -0.625 V -0.606 V -0.656 V
A1Corrosion rate | 8.289 x 10" mm/year 8.247 x 10" mm/year 8.333 x 10" mm/year

1w @ 1 1 < @ ! Y -
AvasImInansoumasvearanindouiaquauyai 6. D 8.290 x 10" mm/year

1w @ v { <3 Y] { (-2
adnd lrlihnansoumasveunannaouTagnauyai 6. Mty -0.648 V.

Twaezasearlud 1.00 n5u @ailu 3.47 %) , TuldmGonlalaswa 1.00 n3y @adlu 3.53 %)
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4 4 @ Y 1 < Y {
ﬂ1§1\1ﬁ 4-23 Wﬁﬂ'li‘ﬂﬂﬁ"f]ﬂ!ﬁ’f]ﬂ'l@@i'lﬂ'liﬂ@ﬂif]uﬂl@ﬁlﬁﬁﬂlﬂaﬂﬂﬂﬁﬂﬁdﬁuﬂgﬂﬁ 7.

QSI 9J dy I 1Y
Tagna I3 lumsuzaiuguanudu 85 % ihunal 20 Ju

¥Afi 6 uAwd 1 ¥Af 6 LA 2 ¥Afi 6 uHw 3
M leorr 7.546 x 10° A 7.681 x 10° A 7.671 x 10° A
i leorr 7546 x 10° Alem” | 7.681 x 10" Alem’ | 7.671 x 10° Alem’
a1 Ecorr.obs -0.467 V -0.462 V -0.466 V
a1 Ecorr cal -0.461 V -0.452 V -0.460 V
A Epegin -0.536 V -0.524 V -0.536 V
a1 Eeng -0.443 v -0.430 V -0.430 V
A1Corrosion rate | 8.780 x 10" mm/year 8.937 x 10" mm/year 8.926 x 10" mm/year

1w @ 1 { < @ { Y -
AvasImInansoumasvearanindouiaquayai 7. vy 8.881 x 10" mm/year

1w @ v { <3 Y] { (-2
adnd lrlihnansoumasveunannaouTaguauyai 7. Mty -0.465 V.

Twaezasearlud 1.50 n5u @auilu 5.11 %) , TudmGoulalaswa 1.00 n3y @adlu 3.53 %)
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3 4 @ Y 1 < Y {
ﬂ1§1\1ﬁ 4-25 Wﬁﬂ'li‘ﬂﬂﬁ"f]ﬂ!ﬁ’f]ﬂ'l@@i'lﬂ'liﬂ@ﬂif]uﬂl@ﬁlﬁﬁﬂlﬂaﬂﬂﬂﬁﬂﬁdﬁuﬂgﬂﬁ 1.

QSI 9J dy I Y
Tagna I3 lumsuzaiuguanudu 85 % ihunar 30 Ju

A leorr
Al Icorr

Al Ecorr,obs

i Ecorr,cal
il Ebegin
fh Eend

A1Corrosion rate

< oA
YAN 1 UHUN 1

= oA
¥aN 1 UHUN 2

o 4
YAN 1 UHUN 3

4457 x 10° A
4.457 x 10° Alem’
-0.503 V
-0.507 V
-0.569 V
-0.455 V

5.186 x 10" mm/year

4505 x 10° A
4.505 x 10° Alem’
-0.538 V
-0.536 V
-0.593 V
-0.506 V

5242 x 10" mm/year

4546 x 10° A
4.546 x 10° Alem’
-0.519 V
-0.527 V
-0.600 V
-0.455 V

5289 x 10" mm/year

1w @ 1 4 < @ ! Y -
AvasImInansoumasyearanindeuiaquayai 1. vy 5239 x 10" mm/year

1w @ v { <3 Y] { (-2
adnd lrlihiansoumasveunanmaouiaguauyai 1.mMvy -0.520 V.

Twaezaswarlug 0.00 n3u @arilu 0.00 %)

1.000%10 °
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1.000x1072
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3 4 @ Y 1 < Y {
m‘naﬁ 4-26 Wﬁﬂ'li‘ﬂﬂﬁ"f]ﬂ!ﬁ’f]ﬂ'l@@i'lﬂ'liﬂ@ﬂif]uﬂl@ﬁlﬁﬁﬂlﬂaﬂﬂﬂﬁﬂﬁdﬁuﬂgﬂﬁ 2.

QSI 9J dy I Y
Tagna I3 lumsuzaiuguanudu 85 % ihunar 30 Ju

A leorr
Al Icorr

Al Ecorr,obs

i Ecorr,cal
il Ebegin
fh Eend

A1Corrosion rate

o o
YAN 2 UHUN 1

= oA
¥AN 2 UHUN 2

= oA
YAN 2 UNUN 3

Q

3.965 x 10° A
3.965 x 10° Alem’
-0.737 V
-0.741 V
-0.758 V
-0.720 V

4613 x 10" mm/year

3.698 x 10° A
3.698 x 10” Alem’
-0.600 V
-0.596 V
-0.669 V
-0.556

4303 x 10" mm/year

3.820 x 10° A
3.820 x 10° Alem’
-0.701 V
-0.699 V
-0.751 V
-0.663 V

4.445 x 10" mm/year

1w @ 1 4 <} @ ! Y -
AvasImInansoumasvearanindouiaquayai 2. Ny 4.454 x 10" mm/year

1w @ v { <3 Y] { (-2
adnd lrlihiansoumasveunannaouTaguauyai 2. Mty -0.719 V.

Twaezasearlug 0.50 nsu @ailu 1.76 %) , TudaGonlalaswa 1.00 N5y @auilu 3.53 %)
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4 4 @ Y 1 < Y {
m‘naﬁ 4-27 Wﬁﬂ'li‘ﬂﬂﬁ"f]ﬂ!ﬁ’f]ﬂ'l@@i'lﬂ'liﬂ@ﬂif]uﬂl@ﬁlﬁﬁﬂlﬂaﬂﬂﬂﬁﬂﬁdﬁuﬂgﬂﬁ 3.

QSI 9J dy I Y
Tagna I3 lumsuzaiuguanudu 85 % ihunar 30 Ju

< oA
YAN 3 UHUN 1

= oA
YAN 3 LUENUN 2

q

= oA
YAN 3 LUHUN 3

Q

A leorr
Al Icorr

Al Ecorr,obs

i Ecorr,cal
il Ebegin
fh Eend

A1Corrosion rate

5.895 x 10° A
5.895 x 10” Alem’
-0.690 V
-0.687 V
-0.726 V
-0.663 V

6.859 x 10" mm/year

5180 x 10° A
5.180 x 10° Alem’
-0.513 V
-0.528 V
-0.606 V
-0.430 V

6.027 x 10" mm/year

5750 x 10° A
5.750 x 10” Alem’
-0.485 V
-0.487 V
-0.530 V
-0.461 V

6.690 x 10" mm/year

1w @ 1 4 < @ { Y -
AvasImInansoumasveranindeuiaquayai 3. Ny 6.525 x 10" mm/year

1w @ v { <3 Y] { (-2
adnd lrlihiansoumasveunannaouTaguauyai 3. M0 -0.690 V.

Twaezasreanlugd 0.50 n5u @ailu 1.76 %) , TudaGonlalaswa 0.50 nFu @auilu 1.80 %)
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d‘ ) ] < A Y A
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4 4 @ Y 1 < Y {
ﬂ1§1\1ﬁ 4-28 Wﬁﬂ'li‘ﬂﬂﬁ"f]ﬂ!ﬁ’f]ﬂ'l@@i'lﬂ'liﬂ@ﬂif]uﬂl@ﬁlﬁﬁﬂlﬂaﬂﬂﬂﬁﬂﬁdﬁuﬂgﬂﬁ 4,

QSI 9J dy I 1Y
Tagna I3 lumsuzaiuguanudu 85 % ihunar 30 Ju

o o
YAN 4 UHUN 1

= oA
¥AN 4 UHUN 2

o A
YAN 4 UHUN 3

icorr
Icorr
Ecorr,obs
Ecorr,cal
Ebegin
a1 Eend

A1Corrosion rate

6.275 x 10° A
6.275 x 10° Alem’
-0.661 V
-0.662 V
-0.714 V
-0.612 V

7301 x 10" mm/year

6.064 x 10° A
6.064 x 10° Alcm’
-0.649 V
-0.644 V
-0.701 V
-0.619 V

7.056 x 10" mm/year

6.353 x 10° A
6353 x 10° Alem’
-0.617 V
-0.619 V
-0.682 V
-0.562 V

7392 x 10" mm/year

1w @ 1 4 <} @ ! Y -
AvasImInansoumasvearanindouiaquayai 4. vy 7.250 x 10" mm/year

1w @ v { <3 Y] { (-2
adnd lvlihiansoumasveunannaouTagnauyai 4. Mty -0.642 V.

Twaezasrearlud 0.50 nsu @ailu 1.76 %) , TudaGonlalaswan 0.25 N5y @ailu 0.91 %)
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1.000x107
1.000%1072
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i/ A

1.000%10
1.000%10°5
1.000x10

1.000x10°7

-1.250

-1.000 -0.750 -0.500 -0.250 0

E/Y
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4 4 @ Y 1 < Y {
ﬂ1§1\1ﬁ 4-29 Wﬁﬂ'li‘ﬂﬂﬁ"f]ﬂ!ﬁ’f]ﬂ'l@@i'lﬂ'liﬂ@ﬂif]uﬂl@ﬁlﬁﬁﬂlﬂaﬂﬂﬂﬁﬂﬁdﬁuﬂgﬂﬁ 5.

QSI 9J dy I Y
Tagna I3 lumsuzaiuguanudu 85 % ihunar 30 Ju

A leorr
Al Icorr

Al Ecorr,obs

i Ecorr,cal
il Ebegin
fh Eend

A1Corrosion rate

< oA
YAN S UHUN 1

= oA
¥AN 5 UHUN 2

= oA
YAN S LUHUN 3

Q

6.799 x 10° A

6.799 x 10° Alem’
-0.664 V
-0.655 V
-0.707 V
-0.632 V

7911 x 10" mm/year

6.966 x 10° A
6.966 x 10° Alem’
-0.574 V
-0.583 V
-0.656 V
-0.511 V

8.105 x 10" mm/year

6.754 x 10° A
6.754 x 10° Alem’
-0.618 V
-0.615 V
-0.663 V
-0.593 V

7.858 x 10" mm/year

1w @ 1 4 < @ { Y -
AvasImInansoumasvearanindouiaquauyai 5. vy 7.958 x 10" mm/year

1w @ v { <3 Y] { (-2
adnd lrlihiansoumasveunannaouTaguauyai 5. Mty -0.619 V.

Twaezasearlud 0.50 nsu @ailu 1.76 %) , TudaGonlalaswa 0.00 N5y @ailu 0.00 %)
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1.uuuulu'1~:
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i/ A
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1. urumanlann 10 1.086 | -0463 | 20 1326 | -0467 | 30 1.753 | -0.476
Tutimandeu
2. auvn2.onsu utlefuz.onsu | 10 0.495 | -0.565 | 20 0.551 | -0.508 30 0.524 | -0.520

Tn@szaziearlud 0.00 %
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TudaFenlalasmwn 3.53 %
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dn g blvhinnsan (V)

. T50 1
10 i I

A (ou)

mwﬁ4-42(ﬂ) waaannuduRussenIndnd Iihdanseufunarveuranlar
uazviannaeuiaaway Tasidsua Indezasioarlud (PA) 1.76 %
usildeunlan/Sm K.cro, (duilse)
wazmanndouTaquaniifiusinm K.cro. 3.53 %
uanlavuanina Tndesasiean lud (PA) (dnd) dafi
—— wdnd1 W wmdniadeuTaquandiil K,Cr,0,0.00 % az(PA) 0.00 %

- A - manmdeuiaguaniil K,Cr,0, 0.00% uag (PA) 1.76 %

fad)}

* mﬁﬂmﬁau%’ﬁﬂwﬁnﬁ K,Cr,0, 0.91 % uag (PA) 1.76 %
B mﬁﬂmﬁau%’ﬁﬂwﬁnﬁﬁ K,Cr,0, 1.80 % uag (PA) 1.76 %
- A mﬁﬂmﬁauia@wauﬁﬁ K,Cr,0, 3.53 % uag (PA) 1.76 %
—— | wdninfeutaauauiiil K.Cr0,3.53% uaz (PA) 3.47%

— —  manmasuiaquanill K,Cr,0,3.53% uay (PA) 5.11%
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usildeunlan/Sum K,.cro, (duilse)
wazmanndeuTaquaniifiuinm K.cro, 3.53 %
uanfaeundan/Sua Tndezasiearlug (PA) (Fuidiy) it
—— ydnldr @ wdniadeu Terauaniill K,Cr,0, 0.00 % 1az(PA) 0.00 %
- A" mﬁmﬂﬁau’iﬁ@muﬁﬁ K,Cr,0, 0.00% uag (PA) 1.76 %

. mﬁﬂmﬁeuﬁ’aﬂwauﬁﬁ K,Cr,0, 091% uag (PA) 1.76 %

-4 - wanmaeuiaaauill K,.Cr,0, 1.80% uaz (PA) 1.76 %

)}

- - manmdeuiaanauill  K,Cr,0, 3.53% uaz (PA) 1.76 %
=  manwdeuiaquauiil K,Cr,0, 3.53% uaz (PA) 3.47 %

— — manmdeuiaanauiill K,.Cr,0, 3.53% uag (PA) 5.11%
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(M) )

MN4-49 uﬁmmwﬁuﬁamﬁﬂﬁvimmimﬁauiﬁﬂwﬁu
18R 85 % Funan 20 Su (MAaue8 100 111)
Tasiaauaviiosdilszney Ae Tndezasianlud 0.50 ¥y,
§15651 0.55 n§u TaediSana TldadenlaTns ey
(M) 1.00 NFN( 3.53 %), (V) 0.50 NTU( 1.80 %)

(M) 0.25 NTH( 0.91 %), (1) 0.00 ATV( 0.00 %)
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