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ABSTRACT

Protection of petroleum equipmentsfrom corrosioniscarried out by paint-
ing using a polycarbohydrate naturally occurring compound, chitosan.
The paint materials are prepared by blending of environmental resin with
inorganic pigments. The chitosan and polyethyleneglycol-polydimethy
siloxane are prepared, purified and confirmed by FT-IR. The commercial
novolac and epoxy resins are used. These resins are blended with each
other at definite ratios. The inorganic pigments TiO,, Zn dust, Al,O, and
silica are also used at definite ratios. These materials are blended with
each other toformdifferent formulaeA -A . Toluenediisocyanateis used
as a curing agent. These formulae are applied on the carbon steel alloy
specimensand are approved at Suez Oil Company. The physical mechani-
cal and chemical properties are investigated and recorded. The obtained
data are performed for the formulaA,-A ,,to protect the petroleum equip-
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ments.

INTRODUCTION

Thecarbohydrate polymersare not wholly synthetic,
sincethey are based upon cellulose. They form about
half of all the cell wall material of wood and plants.
They behavefriendly towardsthe environment*9. Ad-
vancesin materials performance often requirethe de-
velopment of compositesystem. Thecorrosionresis-
tance of components can be greatly increased by pro-
tectivepainting and thisisagrowingindustry of consid-
erableeconomicimportance. Paintingsareusedinwide
range asonshore, offshore of petroleum, gases, petro-
chemicd and other industriesat low and hightempera-
ture applications. Petroleum and petrochemical equip-
mentsaresubjected to hightemperatureand enviromentd
corrosion. Thealternative systemsemphasisethe ne-
cessity for the painting (protective) of the surface of
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substratel1%9,

Polymethyl-methacrylate, likenitrocellulose, isa
fairly brittle polymer and both must be plasticized for
paint uses. It issometimes convenient toincreaseflex-
ibility andimprove adhes on by blending with moreflex-
ibleresin. Itisknown that lessviscous solventsgive
lessviscoussolutions. For thisreason, lessviscousplas
ticizersgivelessviscous (or moreflexible) plasticized
polymer filmg”4, Paintingsare one of themost suit-
able, lessexpensive and more efficient techniquefor
corrosion protectionthat increasethelifetimeof equip-
mentg**%. Theaim of thiswork dependson the prepa
ration of chitosan and polyethyl eneglycol-polydimethyl
sane. These are mixed with commercia novolac and
epoxy resinsand blended withinorganic TiO,, Al O,,
Zndust, CaCO, and silicagel a definiteratiosfor each.
Substrate compatibility, adhesion, porosity, the effect
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TABLE 1: Different ratiosof chemical painting formulae

nggg;'g{m PoAr Az AgAsAsAgAr AgAs A A A
Chitosan 0 51015202530354045 50 55 60
P(EG,; DESO) 10101010101010101010 10 10 10
Epoxy resin 15151515151515151515 15 15 15
Novolac 25252525252525252525 25 25 25
Zn 30303030303030303030 30 30 30
TiO, 9999999999 9 9 9
Al,O4 22222222222 2 2
Silicagel 7T7 7T 77T 7T7T7T7T7T 7 7 7
CaCO, 22222222222 2 2
MEK 15151515151515151515 15 15 15

of thermal cycling, hardness, bending, impact, and re-
sstanceto petroleum, petrochemical products, and cor-
rosion protectionsaswell ascost areinvestigated. The
mechanism of theformation protectivefilmsisdsodis-
cussed.

EXPERIMENTAL

Prepar ation of chitosan

Polycarbohydrate derivative, chitosan was pro-
duced by a kaline deacetylation of chitinf¢l, Chitosan
(poly[ B-(1-4)-2-amino-2-deoxy-D-glucopyranose]) is
asooccursnaturaly. After of preparation, purification,
itwasconfirmed by FT.IR.

Preparation of polyethyleneglycol-polydimethyl s-
loxane P(ED, , -DM SO)

Inthreenecked flask equipped with mechanicd tir-
rer, pressure dropping funnel, one mol e of dimethyl
dichlorosilane was reacted with one mole of tri-
ethyleneglycol inpresence of themixtureof xyleneand
pyridine, thelatter was used as acid acceptor. There-
actionwascarried out under inert atmosphereand gently
heated at 30°C for 1 hr. The temperature was raised
gradually until 80°C for 4 hrsand 100°Cfor 3 hrsto
produce P(EG,_-DMSO). Finally the product was pu-
rified and fractionay ditillated under vacuum and con-
firmed by infrared andysis (FT.IR) and gel permeation
chromatography (GPC).

Characterization techniques
Infrared analysis(FT.IR)

ThelR spectraof the synthesized chitosan and P
(ED,,-DMS0) wererecorded by Infinity series- using
(FT.IR) Spectrometer Modd Type Mattson Bench top
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961.Thewave number and intensities of theIR of the
different typesof thefunction groupswere determined
inrange of 500-4000 cm'2.

Molecular weight (M.Wt)

Theaverage M.Wtof the synthesi zed polyethlene
glycol polydimethyl siloxaneP(ED, .-DM SO) wasmeer
sured by using gel permeation chromatograph (GPC)
water model 600E. Detector: UV -visible spectropho-
tometer. Mobile phase: toluene HPLC grade. Column:
styragd, Injection volume: 3um.

Prepar ation of thechemical formula

Different parts (0,5,10,15,20,25,30,35,40,45,50,
55,60) of polycarbohydrate compound (chitosan) were
mixed with 25 parts of Novolac, 10 partsof P(EG,, -
DESO), 15 partsof epoxy resin, 30 partsof zinc dust,
9partsof TiO,, 2 partsof Al O,, 7 partsof silicagel, 2
parts of CaCO, and 15 parts of methyl ethyl ketone
(MEK) assolvent (TABLE1).

Different partsof toluenediisocyanate (TDI) were
used (5, 10, 15, and 20) as curing agent, which were
mixed with each formulato formvariouspainting for-
mulation. Each formul ation was applied onthesurface
of carbon sted dloy specimens (brushing method) and
cured at room temperature and 90°C, respectively, to
determinethe optimum condition.

Resistivity measurements according to ASTM
(D1125)

Theresistivity meter model 515 digita apparatus
was used for determination of theresi stance degree of
different formulaA -A_,. Themeasurementswere car-
ried out at ambient temperatureand K.ohm.

Preparation thesurface of metal specimens

Unused tubesof carbon sted dloy typeAGl5were
provided from petroleum pipelines of Suez Oil Petro-
leum Company at Red Seato be used as specimen’s
supplier. The specimens were cut as regular edged
cuboidswith dimension =8, 15, and 0.1. Each speci-
men was cleaned, polished with 150-600 grade of
emery paper rinsed with distilled water, degreased with
acetone, weighed and finaly stored under vacuum after
wrapping with adhesivethin paper. Thespecimenswere
dividedto sts.

Optimization stepsof theprepared coating
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TABLE 2: Thevisual inspection after application of the painting wet filmsfromformulaA -A_, at optimum concentration of

TDI (15%)
. . . o . . Settling
Formula Sealing Sagging Fish eyes Shrinking  Coagulation Smoothes Homogeneity phenomena
Ao Nosealing No sagging Fish eyes appeared No Shrinking No Coagulation Homogeneity Settling
A No sedling No ssagging Fish eyes appeared No Shrinking No Coagulation Homogeneity Settling
A, Nosealing Nosagging NoFisheyes No Shrinking No Coagulation Homogeneity No Settling
Az Nosealing Nosagging NoFisheyes No Shrinking No Coagulation Homogeneity No Settling
A, No sealing  No sagging No Fisheyes  No Shrinking No Coagulation Homogeneity  No Settling
As Nosealing Nosagging NoFisheyes No Shrinking No Coagulation Hiah Homogeneity No Settling
Ag Nosealing Nosagging NoFisheyes No Shrinking No Coagulation Smc?oth Homogeneity No Settling
A, No sealing No sagging No Fisheyes  No Shrinking No Coagulation Homogeneity  No Settling
Ag Nosealing Nosagging NoFisheyes No Shrinking No Coagulation Homogeneity No Settling
Aqg No sealing No sagging No Fisheyes  No Shrinking No Coagulation Homogeneity  No Settling
Ay Nosealing Nosagging NoFisheyes No Shrinking No Coagulation Homogeneity No Settling
A Sedled No sagging Fish eyes appeared  Shrinking Coagulation Un homogeneity No Settling
Ap Sedled No sagging Fish eyes appeared  Shrinking Coagulation Un homogeneity No Settling
TABLE 3: Thephysical measurementsfor wet and dry filmsat room temper atureand15% TDI
: Specimen ,, . Normalized , Nor malized .
We|ght of ar ea of Weight of weight of wet Weight weight of the Curing Relative Touch Complete
cleaning wet , of dry . Temp. L
Symbol . . coating per . dry coating 0 humidity dry dry
specimens coating . coating :
©) surface ©) unit areza ©) per unit azrea (R.H) (hr) (hr)
(cm) (mg/cm®) (mg/cm®)
Ao 70.6359 123.2819 4.4969 36.4765 2.6686  21.6463
A 71.3100 1235913 4.4971 36.3868 2.6688  21.5937
A, 70.0598 123.1248 4.4975 36.5279 2.6691  21.6780
As 70.7662 123.3725 4.4981 36.4595 2.6695  21.6377
Ay 71.8915 123.7254 4.4983 36.3571 2.6698 21.5784
As 70.7321 123.4987 4.5001 36.4384 2.6700 21.6196 Ambient
As 70.9537 123.5767 4.5003 36.4500 2.6703  21.6084 Temp. ~ 50% 3-5 72-96
A, 70.4812 123.3940 4.5007 36.4742 2.6706  21.6428
Ag 715030 123.8910 4.5011 36.3311 2.6710 21.5592
Ag 70.8224 123.6126 4.5014 36.4153 2.6712  21.6094
Ao 70.5960 123.3215 4.5016 36.5029 2.6715  21.6628
A 70.3125 123.4142 4.5019 36.4779 2.6719  21.6489
A 71.9819 123.8193 4.5021 36.3602 2.6721  21.5806
The optimization stepsweregeneraly carriedout  ties

under statisticair at ambient pressureand at room tem-
perature. A set of specimens was coated with every
formula(A-A ), whichwas cured with curing agent
TDI at ambient conditionsuntil completly cured. The
painting specimensweregradua ly inspected to record
the optimization conditionsfor each formula. The coat-
ingfilmsover the surface of specimenswere examined.
Having determined the optimum conditionswith the
selected formula, at which the formulation of the best
coating was achieved in steps, the selected optimum
formula for chitosan compound was kept constant
through the optimization procedure.

Evaluation of thephysical and mechanical proper-

The evaluations of the physical, mechanical and
chemica propertiesof the prepared coating were car-
ried out through the following characterization tech-
niques.-

Physical properties
1. Visual ingpection

Thepaintingfilmson the surface of spoecimenswere
visually inspected after application to determine sed -
ing, sagging, fish eyes, shrinking, coagulation, smoothes
and homogeneity (TABLE 2).

1.1. Calculatingthewet and dry film thickness
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TABLE 4: Physical and mechanical propertiesof thefor med filmsfrom formulaA -A , at room temper atureand at optimum

concentration of TDI (15%)

Average Average : : . Electrical .

Symbol WFT pm  DFTpm Bending Pinhole Adhesion Hardness Impact Conducive. Resistance

Ao Fail Fail Fail H Fail Fail 10000 K ©

A Fail Fail Pass H Fail

Ay Pass Pass Pass H Fail

Az Pass Pass Pass H Pass

Ay Pass Pass Pass H Pass

As Pass Pass Pass 1H Pass Passed at

As 130 95+5 Pass Pass Pass 1H Pass 475V 20000 K @

A Pass Pass Pass 1H Pass

Ag Pass Pass Pass 1H Pass

Ag Pass Pass Pass 1H Pass

A1 Pass Pass Pass F Pass

An Fail Pass Fail F Fail Fail 9000 K ©

A1 Fail Pass Fail F Fail Fail 9000K Q

TABLE 5: Visual ingpection of theeffect of or ganic solvents(Xylene, tolueneand benzene) on theformed dry films

Period Effect of the texture of theformed dry films
immersion
time(Days) Ao Ay Az As As As As A7 Ag As A  Au  Ap
162 No
change No No No
24 No No No
48  Change Change change change change change change hNo hNO chNO hNO hNO hNO
72 Change change change cnange change change change

96 change Change change Change
120

change Change change change change change Change

Wet filmthicknesswascarried out by weighing the
pecimensbeforeand after the coatingimmediatey. The
wet weight of coating wasrecorded and cal culated with
respect to the surface unit area. Thecalculation of the
dry film thicknesswas also carried out by weighing the
specimensafter full curingand drying of coat. Thedry
weight of coating was recorded and cal culated with
respect to the surface unit area(TABLE 3).

1.2. Measuring the wet film thickness (WFT) of
coatingaccordingtoASTM (D-1212-91)

The WFT gaugetype elcometer isused for assess-
ing thethicknessof freshly applied coating filmsfor dl
formulationA jtoA_, at ambient temperature. Theob-
tained resultswererecorded after coatingimmediately.

1.3. Measuring the dry film thickness (DFT) of
coating accordingtoASTM (D-1186 and 1005)

TheDFT of theformed filmsfromdl painting for-
mulationsA  toA , after curing at ambient temperature
and 90°C were measured by using Posit-Ector, model
6000-FT ., coating thickness with probe gauge 6000-
FT,. Theaveragefilmthicknessiscomputed fromfive

readings, one at the middle and the othersat thefour
cornersof regular cubed specimen’s surface. The ob-
tained results were recorded after complete curing
(TABLE3).

1.4. Adhesion technique according to ASTM
(D 3359)

Pull cut thesetest methods cover proceduresfor
ng the adhes on of coating filmsto metallic sub-
strates by two methods.

X-cutismadeinthefilmtothesubstrate, pressure-
senditivetapeisapplied over the cut and then removed,
and theadhesionisassessed quditatively onthe0to 5
scales. A lattice pattern with either six or elevencutin
eachdirectionismadeinthefilmtothesubstrate, pres-
sure-sensitivetapeisapplied over thelatticeand then
removed, and the adhesionisevauated by comparison
with descriptionsand illugtration.

1.5. Thermal cyclingtest accordingto BS-6670

The sample was gradually heated from 50°C to
325C (25°C per 3hrs), and quenched by immersingin
water at ambient temperature. The coating wasexam-
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ined for signs of blistering or detachment under a
magnifingviewer.

1.6. Electrical conductivity techniqueaccordingto
ASTM (D-4399)

Theelectrica conductivity of prepared poly car-
bohydrate coatingson the surface of carbon stedl aloy
specimensweremeasured and eval uated.

1.7. Pinholetest accordingtoASTM (D-5162)

The pinholeof theformed filmsof poly carbohy-
drate on the surface of carbon steel alloy specimens
were measured by Holiday detector model Poro test
DCKYV 7=34.3ELECTROPHY SIC. Theresultsare
tabulated (TABLE 4).

2. Mechanical properties
2.1. Bending test accordingtoASTM (D-522)

Thistest coversthedetermination of theres stance
to cracking of attached organic coating of theformed
filmson the surface of specimens. Thiswas measured
by using bending tester 5mm-35mm Richmand Road

TABLE 6: Effect of M EK and chloroformon theformed dry
films

SOlvent Ao Al A2 A3 A4 A5 Ae A7 Ag Ag AlO All A12
MEK No change of the surface of the formed films
Chloroform  No change of the surface of the formed films

—= Fyl] Paper

King stonetype KT,5BQ consisting of ametal cone, a
rotating panel-bending arm, and panel clamps all
mounted on ametal base. Thiscone, smooth steel, 8
in.(200mm)inlengthwithadiameter of 1/8in.(3mm) at
oneend and adiameter of 1/2in. (38mm) at the other
end. Theobtained resultswererecorded and tabul ated
asshownin (TABLE 4).

2.2. Hardness of the forming films according to
ASTM (D-3363)

The hardness of the formed coating on the
specimen’s surface was measured by using hardness
pin test rod model 318. The hardness of the formed
coating was measured at finepoints, oneat themiddle
of specimen and the others at the four corners. The
resultswererecorded and tabulated (TABLE 4).

2.3. Impact techniques according to ASTM (D-
2794) and (G14-88)

The deformationsof theformed filmson the sur-
face of specimensweredetermined by using Richmond
Road, KingstontypeKT,5BQ. Thetest specimenwas
placed in the apparatus with the coated side up. The
specimenisflat against the base support and that the
indenter isin contact with thetop surface of the speci-
men. Theweight isplaced at the zero mark and dropped

TABLE 7: Corrosiontestsfor theformed dry filmson thesurface of specimensin synthetic seawater for 90 daysat room

temperature
Period Visual inspection of the dry film formed in synthesis sea water
immersion
timeDayy 0 A Az As A, As As A; Ag A Ap Ay Ap
No
10-30 spots
appeared
10-20
40 spots No
appeared  spots No
Spots appeared pots No
50 covered appeared spots No No
surface 3ppeared spots  spots
Spots cared cared No No No No No No No
60 covered app app spots spots spots  spots  spots  spots  spots
surface appeared appeared appeared appeared appeared appeared appeared
Spots S
ots
70 covered
surface appeared
80 ccs)\‘/)ggd Spots  Spots  Spots
surface 2PPE ed appeared appeared
2 cg\‘/)grtd Spots  Spots  Spots  Spots  Spots
surface 2Ppear ed appeared appeared appeared appeared
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TABLE 8: Corrosion testsof theformed dry filmson the sur face of specimensin 10% H_SO, for 50 days

Period Visual inspection of the dry film formed in 10 % H,SO,
immersion
imeDayg A A1 Az As AL A As A Ay A An An Ap
No No No
10-30 spots spots spots
gﬁ’%eged g‘:&e&red g‘;‘;eged No No No No No No No No No
Ing Ing g gpots  spots  spots  spots  spots  spots  spots  spots  spots  spots

40 thefilm thefilm thefilm
surface surface surface

50 Spots  Spots  Spots
appeared appeared appeared

appeared appeared appeared appeared appeared appeared appeared appeared appeared appeared

TABLE 9: Corrosion testsof thefor med dry filmson the surface of specimensin 10% HCI for 50 days

Period Visual inspection of thedry film formed in 10 %HCI
immersion
time(Days) Ao A1 Az As As As As Az As Ag Ao An A
10-30 No No No
spots spots spots

appeared appeared appeared
Chaking Chaking Chaking

40 thefilm thefilm thefilm No No No
spots

surface surface surface  spots  spots

No No No No No No No
spots  spots  spots  spots  spots  spots  spots

Change Change Change appeared appeared appeared appeared appeared appeared appeared appeared appeared appeared

the color the color the color

50 of paints of paints of paints
spots spots spots

appeared appeared appeared

TABLE 10: Corrosion testsof theformed dry filmson the surface of specimensin 10 % CH,COOH for 50 days

Period Visual inspection of thedry film formed in 10 % CH;COOH

immersion

time(Days) Ao Aq Az Az Aq As Ae Aq Asg Ag Ao An A
10
20 No No No No No No No No No No No No No
30 spots  spots  spots  spots  spots  spots spots spots  spots spots  spots  spots spots
40 appeared appeared appeared appeared appeared appeared appeared appeared appeared appeared appeared appeared appeared
50

suddenly on the coated surface of the specimens. The
test specimen wasremoved fromtheapparatusand the
impact areafor crackingthe coatingwasestimated. The
test was repeated five times at each of three heights
and theimpacted areas are examined by use magnifi-
cation power. Theresultswererecorded and tabul ated
asshownin(TABLE4).

3. Evaluation of chemical properties

3.1. Evaluation of the effect of the or ganic solvents
accordingtoASTM (G.44)

Thetest was carried out by immersion of coating
specimensinamixture of benzene, tolueneand xylene
for period time 6, 12, 24, 48, 72, 96, and 120 days,
respectively at ambient temperature and at 90°C. The
gability of theformed filmsfrom the polycarbohydrate
compound formulation were examined and tabul ated
(TABLES).

CHEMICAL TECHNOLOGY

3.2. Effect of methyl ethyl ketone (M EK) accord-
iIngtoASTM (D-4752)

Theeffect of MEK onthe stability and compatibil-
ity of the formed dry films on the surface of carbon
steel dloy specimenwas carried out by the scratching
of thefilmsto 15 types by wetting cotton. (TABLE 6).

4. Evaluation of theformed filmsascorroson pro-
tection by immer sed method accor dingtoASTM
(D-468, 610, G31 and Bs6670)

The coating specimenswereimmersed in the dif-
ferent aggressivemediaaccording to thefollowing pro-
cedure:-

4.1. Effect of Synthetic seawater (SW) 3.5% NaCl
on theformed films

Thetest wascarried out onthefilmsformed onthe
surfaceof carbon stedl specimensat dry filmthickness

A udéan Journal
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TABLE 11: Corrosion testsof thedry filmson the surface of specimensin 10% NaOH for 50 days

Period Visual inspection of thedry film formed in 10 % NaOH
immersion
time(Days) Ao Ar Az As A4 As As Az Ag Ag Ao An A
10 No
20 P No No
appeared

spots  spots No

30 Fa?’ appeared appeared  spots No No No No No No No No No
Speoars od appeared spots  spots  spots  spots  spots  spots spots  spots  spots
apspp()ts Spots  Spots appeared appeared appeared appeared appeared appeared appeared appeared appeared
40 appeared appeared appeared

50 Spots  Spots  Spots  Spots
appeared appeared appeared appeared

TABLE 12: Showing the GPC data for the compound of P
Yol (EG,,-DMS0)

/ booa Typeor w1y Mw Mz z+1 Mp _Poly-
: LA ™~y polymer disper sity

El W P(EGqn
i O, (tri)
LA DMoG) 2891 3181 3544 3967 2616 110

g - = ~ - 95+5um formed at room temperature and 90°C for

Wavenumber (cm-) 10,20,30,40,50,60,70,80 and 90 days. The visua

Figurel: 1.R specirafor chitosan ingpectionsof thecoating surfacewereinvestigated. The

B degree of rusting are computed and evaluated
J | (TABLE?).

3.5. Effect of H,SO,,HCI, CH ,COOH and NaOH
(10% concentration)

TheformedfilmsfromformulaA -A , wereexam-
ined by immersion in 10% H,SO,,HCI, CH_,COOH
and NaOH. Theseresultswere carried out onthedry
filmthickness 95+5umfor 10, 20, 30, 40 and 50 days

: " e ' : at ambient temperature. Thevisual inspectionsof the
Figure2:1.R spectrafor P (EG,; - DM SO) coating surfacewereinvestigated. Thedegreeof rust-
ing was computed and evaluated (TABLES 8-11re-

spectivey).

£uto-Scaled Chromatogram

RESULTSAND DISCUSSION

/‘1 \
_ _y Infra-red technique(FT.IR)

e e —— e

o~ h:mu[E: R R R e Figure (1) showstheFT.IR spectrumfor thechar-
acterization bands of the chitosan groups. The broad

band at 3450 cm indi catesthe stretching vibration of -
NH, and -OH groups, the sharp band at 2890cm™*
indi catesthestretching vibration of -CH, groups. Also
the band at 1565cm™* indicates the -O-CH, groups
A~aarnagn and the bands between the ranges 1050-1350 cm? in-

Log hial Wt dicate the stretching vibrations for the O-C & N-C
Figurea Gpl'g"':pg:;t:‘:;mof P(TE"E' ‘“_'BM ) bonds. Figure (2) illustratesthe FT.IR spectrum for the
' i prepared P (EG, -DM SO) compound. The character-
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TABLE 13: Curingagent TDI against curingtimefor chitosan formulaat room temper ature

Theratio Touch dry time for each formed films from the formula (hr’s)
of curing
agent Ao Ay A, As Ay As As A7 Ag Ag A1 A1 A
(TDH (%)
5 7-9 9-13 9-13 9-13 9-12 9-11 9-11 9-11 9-11 9-10 9-10 8-9 8-9
10 3-5 3-6 3-6 36 3-5 3-5 3-5 3-4 3-4 3-4 3-4 3-4 3-4
15 2-4 2-3 2-3 2-3 2-3 1-2 1-2 1-2 1-2 1-1% 1-1% 1-1% 1-1%
20 “o-% 1-2 1-2 1-2 1-V4 H-1% Y%-1h Y¥-1 V-1 Ya-% Ya-% Va-¥% Va-%
TABLE 14: Thermal cycling test of the formed dry films at temperature ranged from 50 to 325°C and at optimum

concentration of TDI (15%)

Temp.’C Pgriod Weight losses for each formed films x10™

) time Ao A, As Az A, Asg Asg A Ag Ag A1 Ay Al
50 511 515 515 517 517 518 519 519 521 520 520 519 519
75 315 345 345 345 345 347 347 347 347 347 347 345 345
100 225 273 273 275 275 271 273 275 270 271 273 271 271
125 201 233 229 232 231 227 228 229 233 231 231 231 230
150 195 217 219 215 221 219 217 215 217 219 215 219 213
175 3hr's 171 211 209 213 212 216 213 215 211 209 209 209 207
200 Fail 191 193 190 194 195 192 193 191 195 193 191 190
225 Fail 133 131 132 134 131 13 136 131 129 127 129 125
250 Fail Fail Fail 100 102 105 101 103 102 101 102 102 100
275 Fal Fal Fal Fail 0.0 00 034 030 031 029 029 029 027
300 Fall Fal Fall Fal Fal Fal 0.0 00 0.0 0.0 0.0 0.0 0.0
325 Fall Fall Fall Fail Fal Fall Fal Fal Fall Fail Fal Fal  Fail

isticbandsat 945.6 and 1101.5 cm for stretching vi-
bration of -O-S-O- and CH_-O-Si groups, theband
at 2875.6 cm? for stretching vibration of Si-O and
-CH, groups, the band at1245.4 cm* for stretching
vibration of Si-C group and theband at 3360.7cm™* for
stretching vibration of -OH and —Si—O-Si— groups.

Gel permeation chromatography (GPC)

Fgure(3) illusratesthetypica spectrumof P(EG, -
DM SO) compound. The number average molecular
weight Mn for thecompoundis2891 andisgivenin
TABLE 12. Thenumber average molecular weight Mn
depends on the number of polyethyleneglycol-
polydimetyl siloxane molecules. Theweight average
molecular weight Mw of P (EG,_-DM SO) compound
is3181. Thepolydispersity index (Mw /Mn) isfound
tobe 1.10 (TABLE 12) indicating of apolymer of uni-
formmolecular weight.

Chemical composition of the paintings formula
AO-A12

TABLE lillustratesthe chemical compoundsra
tiosfor thecompositionformulafromA, toA . TABLE
13illustratesthe different percentages5, 10, 15, and
20% of toluene diisocyanate (TDI) asacuring agent.
Thephysica, mechanica and chemical propertiesfor

eachformationfilmsfromformulaA -A , wereinvesti-
gated asthefollowing:

Resistivity

Theresgtivity of formula0-12 wereclearly showed
infigure4. Theresistivity wasincreased by increasing
the addition of chitosan until 10 %, theresistivity be-
come constant.

Optimization of curing agent

TABLES 13 illustrates the optimum ratio of the
curing agent of toluenediisocyanate (TDI) for eachfor-
mulafromA -A_,. Thetouch curingtimeisthemain
factor to determinethe (TDI) concentration for touch
drying of theformation films on the surface of speci-
mens. Al so, thechemica composition for eachformula
fromA -A , was affected by the chitosan ratio and/ or
inorganic additives. From the optimization studies of
thecuring agent (TDI) percentage, it was observed that
thetimeof touch drying for each formulawas decreased
by increasingthechitosanratio. Thedurationtimeswere
recorded at room temperatureis4-6 hr’s for A -A .
These results were computed for 15 % of (TDI)
(TABLE 13). It was observed that chitosan lowersthe
touchdryingtime.
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Figure4: Theresigively of formulaA -A ,

Visual inspection

TABLE 2 showsthevisua inspection dataduring
painting gpplicationand after drying (dry film). Thefilms
cover the surface of carbon steel alloy specimen by
brushing method, andthedataof theformed filmswere
visually inspected directly. It was observed that, they
were not sealing, and no shrinkable behaviour,
unhomogenity, and/or coagul ation appear intheformed
filmsof formulaA,toA, . The settling phenomenaap-
pearedinformulaA, andA , whilethefish eye appeared
in the wet and dry films for formulaA ,A,, A and
A . Theformation of filmsduring and after curing on
the surface of carbon steel aloy specimenslooksas
onelayer compatiblewith each other.

Calculation thewet and dry film thickness

Themeasurement and cal culating data of the wet-
tingand dryingfilmsonthesurfaceof specimensat room
temperature wererecorded in TABLE 3. From these
data, thefilms of wetting from formulaA ; depend on
themolecular weight of filler and resnswithout chitosan.
From theseresultstheweight of formed filmswerein-
creased by increasing the chitosanratio. Also, the nor-
malized weights of wetting films by unit area of these
filmsincreased. From these datait was observed that
thenormaized weights of filmswereincreased by in-
creasingthechitosanratio. Thewetting filmswerefound
inmatchingwiththedryingfilms

Adhesiveforcesof dry filmg'

The adhesion forces data of theformation of dry
filmsfromformulaA -A , onthesurface of specimens
weregivenin TABLE 4. From thesedata, theadhesion
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forces of theformation of dry filmsfromformulaA,,,
A, andA , faled. These dataindicate the effect of
chitosan ontheformula. Also, theinorganic additives
Zn, TiO,,Al,O,and silicaincreasethe adhesionforces
between the surface of specimensand theformation
dry filmsandwithitsdf.

Electrical conductivity

Thedataof theelectrical conductivity for thedry
filmsfromformulaA - A, onthesurfaceof specimens
weregivenin TABLE 4. Thedectrica conductivity for
thedry filmsfromformulaA faled a 475 Voltage. While
theformationfilmsfromformulaA - A , passed. From
these data it can be concluded that, the addition of
chitosan and inorganic additives Zn, TiO,, Al,O,and
slicaincreased theresistance of eectrical conductivity
of thedry films.

Theresister dataof thedectrical conductivity were
observed dueto the compatibility of theinorganic ma
terias with resins (Chitosan, epoxy, novolac and
P(EG,-DMSO).

Holiday (pinhole) detection

Thedataof holiday (pinhole) detection for thefor-
mation of dry filmsfromformulaA A, onthesurface
of specimensweregivenin TABLE 4. Themeasuring
voltagesfor theformation dry filmsdepended onthe
dry thickness of the formation filmsaccording to the
followingequation.

M easuring voltages=5xDF T8

Sincethedry film thicknessfor theformationdry
filmsfromfolmulaA -A , were95+ 5um, sothat, the
measuring voltagefor theformation dry filmwere475
volts. Thedectrical conductivity for formation of dry
filmsfromthefolmulaA & A, werefailed. Thesedata
matched with the net results obtained from the el ectri-
cal conductivity method. Thesewereindicated onthe
good compatibility of thefillerswiththeorganicresinto
formationthepolyurethanemdamineresin. Thesefilms
had good insulating properties. Thereforetheforma:
tionsof dry filmsfrom formulaA2-A12 werepromising
thevadidity filmsto protect the surface of carbon steel

dloy.
Thermal cydingtest for theformation of dry filmg*9
Thedataof thethermal cycling test for theforma:
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tionof dry filmsfromtheformulaA -A,, wererecorded
in TABLE 14.The temperature ranged from 50 to
325°C by increasing 25°Cintervas. Theformationfilms
fromguideformulaA , wereaffected andfalled a 200°C.
Whiletheformationdry filmfromA_ -A, A, A A,
A faledat 250°C, 275°C, 300°C and 325°C, respec-
tively. These phenomenawere observed dueto thefor-
mation of stable melaminebonds between Novolacand
amino groupsin chitosan, and formation of polyure-
thaneme aminefilms.

Volatileor ganic compounds (VOC)®8

Thevolatileorganic compoundsfromthepaintsaf-
ter curing were either estimated from theformulations
and/or using of organic solvent. Inthisstuationthevola-
tile organic compound was defined asblended organic
solvent. Theemissionsof volatile organic compounds
were illustrated from the chemical formulaA -A_,.
However, the chemical formulaA A, had 15 parts
solvent, which wereevaporated after application of the
paints on the surface of specimensat ambient condi-
tion. Also, somemethyl groupsof theP(EG,_-DMSO)
compoundswere hydrolyzed and evaporated during
the curing process, and during thetherma effect onthe
formationfilms.Sothat theweight of theformation films
after every step of thermal effect were decreased until
theweight were established.

M echanical properties
1. Hardness

Thehardnessdatafor theformationdry filmson
thesurface of specimensfromtheformulaA A, were
givenin TABLE 4. These datashowed that the hard-
nessva uesincreased with increasing the added amount
of chitosan. Thesedataindicated the promising vaidity
of theformationdry filmsfromformulaA - A, onthe
surface of carbon sted dloy.

2. Impact

It wasanother techniqueto evauatethevaidity of
theformationdry filmsfromformulaA -A , onthesur-
face of carbon stedl aloy specimens. Theimpact data
for thesefilmswererecorded and givenin TABLE 4.
Theformationdry filmsat room temperaturefromfor-
mulaA ~A,andA A failed, whiletheformationdry
filmsfromformulaA ~A, werepassed. Thesedatain-

CHEMICAL TECHNOLOGY

dicated that, theformation dry filmsfromformulaA -
A, A -A, wereunvalied.

1 - 12’
3.Bending
The bending techniquewasimportant mechanical
test for evauatingthevdidity of theformationdry films
on thesurface of specimens. Thismechanical test was

givenin TABLE. It dependsonthe chemical structure
of theresins

4. Mechanism

Chitosan structure having two important function
groupshydroxyl and amino groups. It behavestwoways
intheformation of coating filmsfirstly was cured by
reaction of the hydroxyl groupswith cyano groups of
TDI to form apolyurethane bonds and the other was
curing reaction by theamino groupswith epoxy group
toform the polyimidebonds. Thesebondsform poly-
urethaneimidefilms. Thiscoating hasvery strong ad-
hesion and resistance properties to mechanical and
chemicd environment.

Novolac has heat, mechanical and chemical resis-
tance and the functional groups of novolac werere-
acted with another groupinchitosanand TDI toforma
polyurethane melamine bondsat high temperature. The
formation film from the novolac was hard, compact,
and having adhesion forces, chemical and mechanical
properties.

Polydimethyl siloxanes P (EG,-DMSO) com-
poundsare highly surface active agentsbecausethe ar-
rangement of methyl groupson theflexible, inorganic
backbone of aternate silicon and oxygen atoms, and
therapid appearance of methyl groupsat an interface,
reducethe overdl energy of the coating considerably.
Thisisanimportant aspect of theleveling processand
isdsoinvolvedin substance wetting phenomena.

The presence of silicon on the surface of acured
filmwill improvethe propertiesof theformationfilmon
the surface of carbon sted aloy specimens. Mar resis-
tance and anti-bl ocking were other features enhanced
by the presence of silicon polymersat thefilm surface.
For overcoat varnishesthesefeastureswereessential in
applicationswhere high speed processing was used.

Theovercoat varnishimpartsglassand protectsthe
surfaceof carbon stedl aloy. Toalow thecoatingitem
to passthrough process ng equipment at an acceptable
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rate and to prevent blocking in stacks, the surface of
the cured overcoat varnish must bemodified.
Although the resins (chitosan, P(EG -DMS0),
novolac, and epoxy) givevery good propertiesto the
surface of acured coating it wasnot sufficiently com-
patible with formulation to provide adequate storage
stability. Even after high shear incorporation of thesili-
con into the coating, the clarity can be adversely af-
fected and separation may occur on storage. There-
fore, it wasnecessary to use somemeansof makingthe
resinscompati blewith the coating and with each other.
Theresinschains can be attached any pointsaong
thelength of the active site backbone, giving acomb-
like structure. They can bea so attached to theends of
the chitosan polymer and other resins, giving alinear
structure. The structure of the copolymer had apro-
found effect on the behaviour of the copolymer asan
additive. Optimized structure hasbeenidentified by de-
signed experimentation to give suitable combination of
compatibility desired effects. Compatibility was par-
ticular importantin clear coatings.
Thesilicone-polyether chemistry P(EG.-DMSO)
alowstheadditivesto migrateto the coating/substance
interfacethus providing wetting. By incorporating into
additive coatings hydrophobic solids particular such as,
titanium oxide, Zn powder, Al.,O,, CaCO, andsilica,
effective foam contral, filler/pigment. The P (EG, -
DM SO) will control the formation of thefoams. Be-
cause of their excellent compatibility, these products
havealow tendency to case defectsfor the coating.

Chemical evaluation

1. The effect of the mixture of benzene, toluene
and xyleneon thedry films

Thetexturemorphology of theformationdry films
fromformulaA -A , weregivenin TABLES. Thetex-
tureof theformation filmsfromformulaA -A , after
immersed in sol ventswere not affected, that was due
totheformation of polyurethaneimidefilmsasnetwork,
whichwere confirmed a so by theinteraction of some
hydroxyl groupsof the silicawith some cyano groups
of TDI and also, wereindicated on the compatibility of
theresinswith theinorganicfiller/pigmentsand com-
pletereaction with curing TDI. Theformation of dry
polyurethaneimidefilmsresist to the organic solvent.
Therefore, theseresultsindicated that theformation of
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dry filmscould be applied in organic media(petroleum
media).

2. The effect of methyl ethyl ketone (MEK) and
chloroformaccordingtoASTM (D 4752-95)

Theeffect dataof theM EK and chloroformonthe
formation of dry filmsonthesurfaceof specimenswere
recorded in TABLE 6. Theformation of dry polyure-
thaneimidefilmsfromformulaA -A , werenot effected
by rubbing with MEK from 15-20 times. The net re-
sultsindicated on the stability of Zn, compatibility and
adhesion forceswith the surface of carbon stedl dloy
specimensandwithitsdlf.

3. Theeffect of 10 % HZSO4

Thedataof the effect of 10% sulfuric acid onthe
formationfilmsfromdifferentformulaA -A ,weregiven
iInTABLE 8. From these datait was observed the ef -
fect of 10% sulfuric acid ontheformation filmson car-
bon stedl dloy specimensat period time50 days, DFT
95+ 5um and these datawere evaluated according to
(ASTM D772, 714 and 662).

Theformation of dry filmsfromformulaA was
affected by 10% H_SO, after 20 days, so that, these
filmsdid not protect the surface of carbon steel alloy
specimens. Whiletheformation filmsfromformulaA -
A, were not affected by 10% H,SO, up to 50 days.
Thisphenomenonwasshownfor filmsformationa room
temperature. Except formationfilmfromformulaA  is
chalking after 40 days. On the other hand, theforma-
tionfilmsfrom formulaA -A , were not affected by
10% H,SO, until 50 days. Theseratios of corrosion
spots appeared very low and should be neglected, so
that theformationfilmsfromformulaA -A , a DFT 95
+5Sumwerevalid to protect the surface of carbon stee!
aloy specimensaganst aggressiveacids

4. The effect of 10% NaOH

The dataof the effect 10% NaOH on the forma-
tion of dry polyurethaneimidefilmson the surface of
aloy specimensat 95+5um and 50 days and ambient
conditionweregivenin TABLE 9. These dataillus-
trated the protectivety of theformation dry filmsto the
surfaceof carbon stedl dloy. The corrosion spotswere
appeared onthefilm surface for formulaA  after 20
days, whilelittle spots appeared on the surface of for-
mation filmsfromformulaA,, after 40 days, these spots
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must be neglected. Whilethe corrosion spotswere not
appeared ontheformation filmsfromformulaA_-A_,.
Thesereaultsindicated thevaidity of theformation films
for protecting the surface of carbon stedl aloy against
aggressvemedial0%in NaOH for long time.

5. Theeffect of 10% HCI

Thedatafor the effect of 10% HCI ontheforma:
tion of dry polyurethaneimidefilmson the surface of
specimensat 95+5um and 50 days at ambient condi-
tionweregivenin TABLE 10. Thesedataillustrated
that, the corrosion spotswere not appeared on thefor-
mation dry films on the carbon stedl alloy specimens
fromformulaA,-A_,. Thisisduetothecapability of the
formation filmsto protect the surface of carbon steel
aloy against aggressvemedia. i.etheformation of dry
polyurethaneimidefilmshel p to protect the surface of
carbon sted dloy against aggressivemedia.

6. Theeffect of 10% CH,COOH

Thedatafor the effect of 10% CH,COOH onthe
formation of dry polyurethaneimidefilmson the sur-
face of carbon stedl alloy specimensat 95+5umand
50 daysat ambient condition for both curing tempera-
tureweregivenin TABLE 11. Thesedatawereillus-
trated that, the corrosion spotswere not appeared on
theformationdry filmson carbon sted dloy specimens
fromformulaA -A_,. Thisisduetothecapability of the
formation filmsto protect the surface of carbon steel
alloy against aggressivemedia. i.e. theformation dry
poly urethaneimidefilmshel p to protect the surface of
carbon sted dloy against aggressivemedia.

7. Theeffect of synthetic (3.5% NaCl) sea water

Thedataof theeffect 3.5% NaCl ontheformation
dry polyurethaneimidefilmson the surface of carbon
stedl aloy specimensat 95+5um and 48 days at ambi-
ent conditionweregivenin TABLE 7. It was observed
that the corrosion spot does not appear on theforma-
tionfilmsfromformulaA , upto 30 days, whilethecor-
rosion spotswere appeared from 15-20 spotsfrom 30
to 50 daysand the corrosion spots covered the surface
after 50 days. If cdculating theratios of spotsrespected
tothetotal surfaceareaof specimensit will belessthan
0.1 %, that was rust grades 8 (ASTM D-610), i.e,
these ratios (spots) of corrosion should be neglected.
Thisobservation correspondsto SSPCinitia surface

CHEMICAL TECHNOLOGY

conditionsand British liron and Steel Research assn
(B1SR) 0.1%, whiletheformation filmsfrom formula
A - the corrosion spots were not appeared until 60
days, but corrosion spots appeared on the surface of
protectionfilmsfor formulaA  after 60 days, if calcu-
lating theratios of spotsrespected to thetotal surface
areaof specimensit will belessthan 0.01 %, thisvaue
was done under rust grade 10, i.e. no rusting, which
must be neglected. Thiswasin agreement with Swed-
ish pictorial standardsfor rusting. On the other hand,
few corrosion spots appeared on testing the effect of
sdt mediaontheformation dry filmsfromformulaA._-
A, after 70 days. Also the corrosion spots 1-3 appeared
on the surface of theformation dry films, theseratios
were neglected asprevioudy mentioned. Onthe other
hand, the corrosion spots were not observed on the
surface of theformation dry filmsfor formulaA _-A ..
Theseresultswereindicated that theformation dry films
fromformulaA,-A , protected the surface of carbon
sted dloy specimeni.e, thesefilmswerevdidfor pro-
tection the surface of carbon stedl aloy at 95+5um.

CONCLUSION

- Chitosanand (PEG),, -(PDM SO) compoundswere
prepared asfriendly enviromental resins.

- These compounds were confirmed by FT.IR and
GPC.

- These compoundswereblended with commercia
novolac and epoxy resinsat definiteratios.

- Theseresinswere blended with definiteratio of inor-
ganic pigments TiO,, Al,O,, CaCO,, Zn dust and
Silicagel toformaformulaA -A , whichwascured
by TDI.

- Eachformulawasapplied on the preparation of car-
bon sted dloy specimens.

- Physical, mechanica and chemical propertieswas
measured for each formation dry filmsfromformula
AAL.

- Thenetresultsindicated that thevdidity of formation
filmsformulaeA -A , for application and protection
of petroleum equipments.
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