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.(3000) =¥ M (80) Andall cla jall (ga fas
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Jikall J8 N 5l dbe B (50,80 Nl Ae da¥ bt s A (2-9) S84
Jhall 2y Nl e C
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0.0678 | 0.0039| 0.0545| 0.0062| 0.224| 0.0114| 0.018| 0.141| 0.652 | 0.169 | 98. | &
652 | %
Characterization Devices oaddil) 3 3¢l -5.2
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Ch-SeNPs , PVA-SeNPs (aididy yuaai —1.3
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b JAlS i 20 = 20 - 40 (e a5 Al s Aed  Ch-SeNPs U (5.3B) JSall Ly
Gaglall il il y O ¢ cilulSa) Aaadle b ol | SeNPs 5 Glas siSU e s

 169I188] Ch_SeNPs 5 PVA-SeNPs - 45kl e

2000 -~
1800 —
1600 —
1400 —
1200 —
1000 —

800 —

600 H

Transmittance counts

400

200

o . 10 20 30 40 50 60 70 80 20
2 O (degrees)

3500 ] B

3000 |

2500 1

2000 |

1500 |

1000

Transmittance counts

500

o 10 20 30 40 50 60 70 80 90
2 O (degrees)

Ch-SeNPs (B) , PVA-SENPs (A) (XRD) dsisall d2i¥) 3 o Jilas (3-6) Jsi)
47



%T

Chapter Three: Results and Discussion — 4déliall g zuliil) ;) Juadl)
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-100 —400ppm

—500ppm

15 05 05 15 2!
log icor (A/em?)

Ch-SeNPs (e 48lida 3:8) 5 ga g (o (o4 92080 Y gl JSUI ulaiea) cilyiaia 3(3-9)JSi)
da 1 gl e 1.0M H,S0, A hdiall (e ddlida 3:8) 5 sie Janl) 3pUS (il 3D g g
(303-323) K 5. Al
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Adlide 5080 55 3 93 9 (A 9 S DY 5 Apan JSU aUaBin) cilyiada cildara 1(3.1) Jgaadl

.(303-323)K s s H,SO, iy psll aala (0 1.0M 2 PVA-SeNPs ¢
Tem. Conc. 'Ecorr Icorr ﬂa 'ﬂc Tl % O
(K) (ppm) (mV) (LA/cm?) |(mV.decH)(mV.dech)| P
303 497.8 6960 180.3 157.5
313 Blank 473.5 7760 185.9 143.9
323 495.8 8100 201.0 158.5
303 421.8 1700 46.3 48.8 75.57 |0.7557
313 100 393.7 2220 23.1 20 71.39 |0.7139
323 392.5 2780 20.5 22.8 65.67 |0.6567
303 433.4 1630 27.8 30.5 76.58 |0.7658
313 200 397.7 2050 30.4 42.1 73.58 |0.7358
323 384.2 2680 22.0 24.2 66.91 |0.6691
303 447 1370 48.2 71.6 80.32 [0.8031
313 300 412.8 1920 73.3 50.4 75.26 |0.7525
323 437.4 2590 35.0 34.7 68.03 |0.6802
303 409.2 1160 39.9 334.9 83.30 [0.8330
313 400 392.0 1540 78.1 62.3 80.16 [0.8016
323 403.4 2430 70.1 36.1 70.00 | 0.700
303 472 843.0 53 69.6 87.88 (0.8788
313 500 497.2 1220 53 38.4 84.27 (0.8427
323 409.3 2060 36.2 20.6 7456 |0.7456
303 469.6 496.6 39 66.8 92.86 [0.9286
313 600 478.4 1050 49.1 96.1 86.47 |0.8647
323 400.7 1620 49.8 32.1 80.00 | 0.800
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Cra Adlia 580 55 293 g2 (A g2 SN Y gl A JSU Ui ilpiata cilgdana (3.2) Jgaal)
(323-303)K A 52 HySO, ity psll aala 0 1.0M (4 Ch-SeNps

Tem. Conc. “Ecorr Ieorr ﬁa 'Bc n,% 0
(K) (ppm) (mV) (LA/cm?) | (mV.dec™) mV.dec?) P

303 497.8 6960 180.3 157.5 --- ---
313 Blank 473.5 7760 185.9 143.9 --- ---
323 495.8 8100 201.0 158.5 --- ---
303 456.3 1420 42.3 60.5 79.59 | 0.7959
313 100 450.2 2610 53.0 724 | 66.36 | 0.6636
323 474.1 3050 72.9 88.9 |[62.345|0.6234
303 467.8 1130 72.7 74.4 83.76 | 0.8376
313 200 454.8 1480 128.4 153.7 |80.927 | 0.8092
323 433.2 2310 42.9 57.4 |71.481|0.7148
303 450.9 861.38 58.1 91.2 87.62 | 0.8762
313 300 464.4 1440 48.4 117.6 |81.443|0.8144
323 468.2 2240 71.8 106.4 | 72.346|0.7234
303 462.8 657.78 76.4 94.2 90.54 | 0.9054
313 400 452 999.1 31.0 46.3 | 87.661 | 0.8766
323 457.0 1620 38.8 57.0 80.0 |0.8000
303 442 485.2 42.0 56.7 93.02 | 0.9302
313 500 475.6 906.13 48.8 74.3 88.32 | 0.8832
323 451.6 1270.0 65.6 81.0 84.32 | 0.8432

S BCs By o IS ad uxd o Jai dilida 3:S) iy Cladiall 3 ga g o oMed Jshaall (e iy
S A Kl oo il 5 (anal) Jlas) duo oY1 e i) A aSaill e 5 a8l cilagiall s3] ()
Cilhaially ciladiall dpad (Kay il G pobaall el | lld e Suzmd 198182 (0n 5 50
Isa s le AL jlae die 85MV (e SIS By a8 il S 130 40 88U 51 400 )
85 (xS PVA-SeNPs Luall JSUI sga o (A& puadll o) oS | cildadiall (g Adlida S0 53
PVA-SeNPs Lidl jlicl (Sa (Noble potential) dulayl SiS) ad a5 caila S0y mV
e 4N ) Lugldle aedisale JSG Bes By ad nd A Lalisall ¢ 5l (4 Ui
O BaaSl cpn 3 1183 0T8T oy g1 Jelitll 5als 35k e 5SI 5 gemy amall Jlad L oSl
i ae (55.8 MV (& il dad ,S1) 85 MV (e J3l Ch-SeNPs hdiall Eqy (o8 il a8
(Mixed inhibitor) Llisal & sl (e bieS Jeay Ch-SeNPs o) X5 e Bes B, 0o S a8
T67-81 55 IS 5 (g0 531 Cpale i) MUK, oSail) 85 a8l &l () o)
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Corrosion rate Jstl) de s 4.3

&5 3, Al al) 8 Alaatiusall g0 5SH 3V il A JSTY ey Jane o (i (4.3)(3.3) slaal
11841 (3 2) Alalaall Ao 5 JSU G s Jore lisa

C.R=K X I X Eq.Wt (3.2)

. (g.m?.d?) s, (Rate Corrosion) JSl de ju Jwe Jis :C.R .. o) I
oty sl S 56l 8 Eq Wt s (Am?) s JSUEI L S g,
JSUN s A e lgdlaay el 400 Aad 1K LG SI YN e ASudl Y (27.8)

0.8953 g AT (s st s Alaxivuall

ads die (1gor) ST LS A8 21 35 303 pall A 3 ae Lala caulins JSUI de ju o aadl
& 17323 gmZdt e JSU de s Jase 2238 323 k) 303 Kk o 31all Ay
IS clll ddline 380 54 cldadall asa ) 3 el 5S35 ae buSe s 2016.0 g.m?d?
PVA-SeNPs Ll 123.6 g.m2.d™ I 1732.3 g.m2d™ o U de jus Jara (e S
S8 Ch-SeNPs Ll 120 g.m?2d™1 Y 1732.3 g.m?2d™ cxs 600ppm S s

. 303 k 3_) > 3a ;35 500ppm
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iy Sl (aala e 1M (2 (A 5280 2 il At IS Ao juu Jira pd (3.3) Jgaall
(303,313,323)k sl ey Adlida 58I i PVA-SeNPs Gl g 352 9

T (K) | Conc.(ppm) lor( AM?) | C.R(g.m?Zd?)
303 69,60 1732.3
313 Blank 77.60 1931.41
323 81.00 2016.0
303 17.00 423.12
313 100 22 20 552.54
323 57 80 691.92
303 16.30 405.7
313 200 20,50 510.23
323 26,80 667.03
303 1370 341
313 300 19.20 477.88
323 25 90 644.63
303 1160 288.72
313 400 15 40 383.3
323 2430 604 81
303 5,430 209.82
313 500 1220 303.65
323 20.60 512.72
303 4,966 123.6
313 600 10.50 261.34
323 16.20 403.21
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iy sl Gaala 4 1.0M (2 Hgaush Mgl ASpd JSU de pu Jana ad Jiay (3.4) Jgaad
.(303,313,323)K ¢~ s2ag 4dlida 381 54 Ch-SeNPs il g 393 o1

Temy, | Conc.(ppm) | leore(A.M?) C.R(g.m?d?

303 69.6 1732.3
313 Blank 77.6 1931.4
323 81.0 2016.0
303 14.2 353.43
313 100 26.1 649.61
323 30.5 759.13
303 11.3 281.25
313 200 14.8 368.36
323 23.1 574.94
303 8.6138 214.4
313 300 14.4 358.41
323 22.4 557.52
303 6.578 163.72
313 400 9.991 248

323 16.2 403.21
303 4.852 120

313 500 9.06 225.5
323 12.7 316

Kinetic corrosion process JSUll les S 2 — 5.3

Dl s SI 3Y gall JSU dglead A8 jall @l ppatiall Al jal (3.3) Gesai)) Adlae aladind o
log leorr O Audaddl Alalaall (9,3) Aball ane N Adalis o JSUN Aoy e 3 all da o (& i)
1185, 18] % 3ol all ds )y slae Jilas

Ea

L0g leorr = LOg A - 2.303RT

(3.3)
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g

Al il R ¢ (il Jale )Gy s A ¢ Japiill G B, ¢ JSE s 4S |

corr
usﬁl_t SJ“)AJ‘ ;.t;JJ T ¢ k_I\JL’Jl

58 il Fa hedsl dls clus &

2.303R
a3l LS A Gasi)) Sl B, Ll A8l a8 o (5.3) Jsaall | Intercepte = log A

Ousd Alee of ) lle oo PVA-SeNPs |, Ch-SeNPs  2sa s E, hasiill dills 0 3
3ol da ) ol ge Blad | Wl A s o ala dee Gk Ge Leha Gl
1187,188] 1) 5ol e b s

ol C_Lé ddalu g usu )l by Slope =

B
3.8 -
3.6 - 4 |
3.4 -
3.2 - 35
3 - E
-
2.8 - i 3
ad _Ei 4 Blank @ 100ppm e
24 1 @®Blank W 100 ppm 200 ppm gﬂ.E . 200ppm @ 200ppm
| @ 300 ppm B8 400 ppm ® 500 ppm =
2.2 © 600 ppm ®400ppm  @500ppm
2 T T 2 1 1
3.05 3.15 3.25 3.3 3.05 3.15 3.25
.1 1/T(K1) x10°
1/T (K1) x 10°

BuIa A2 e e 1.0M H,S0, (A (F9est) N gl JSU (gl ) 483 ; (3-10)Jsll
. Ch-SeNPs(B) , PVA-SeNPs (A) (» 4dlida 381 55 (303-323)K

Losiall dieall (S5 40K A8 el (AG* AH* AS*) Jaiall dinall A 0alind ga i) Jsall s 5
AN ey 1190918903 ) Al Aol gy | oamalall Jans gl 8 s SI Y il (JSG Aylaal

e (AH*) WEIPVEN 63}, (103) Jsal) % SJ‘)AJ‘ :‘%JJ ‘—’)h-“ Jilia I—Og Icorr/T o M‘

- " “ % .. . AH= “ oy o
PREIPOA| t’aﬁ idalis g (AS) il & O 0 ,(- 2.303R) Aabdl) Al i

R, ASx
—+
(log i 2303%)

log™r = |1og (33 ) + (503 w) |~ Taosrr 39
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c2ala 0 1.0M (B (Agosl N oAl JSU el ) ol g Japditl) 48U ad am (3.5) Jgaad
.Ch-SeNPs,PVA-SeNPs cladall Gl g 35252 (303-323)K Ul ey ity <l

inhibitor Conc.(ppm) E. (KJ.mol™) A (Molecule.cm®.S™
0 6.18 8.17 x 10*
100 19.89 4.45 x10°
200 20.22 5.1x 10°
PV/A-SeNPs 300 25.84 3.9 x 10’
400 29.9 1.6 x 10°
500 42.78 1.9x 10"
600 48.1 1.0x 10"
100 31.21 3.63 x 10°
200 27.68 6.46 x 10’
Ch-SeNPs 300 40.02 6.76 x 10’
400 36.43 1.2 x 10°
500 30.73 1.1x 10°

3 allds 30T | 8.314J/K.mole <l jlall aladl culi :R | JSUl s &8US: [ o 0 ) )
. 6.626x1073* J.s <lidk i :h | 6.023x10%° mole™ 53 sl axe :N

AG*= AH*- T AS* (3.5)
1.6 — A
1.4
1.2 o
1 x
5
0.8 - <
N
0.6 - N
)
04 4 #Blank E‘_.
200 ppm ® 300 ppm E.n
0.2 {4 @400 ppm @ 500 ppm -l
600 ppm
D 1 1 I I I
3.05 3.1 3.15 3.2 3.25 3.3 3.2
1/T (K1) x 10°

59

D A8Y) Aal) (e (AG™) Aed Sl o3 WS

1.5 B
r———— 020000 —¢
1.2
.’----
@
0.9 e
0.6
0.3 - # Blank lli}Dppm
) 200ppm ® 300ppm .
@ 400ppm @ 500ppm
0 : : :
3.05 3.1 3.1 3.3

5 3.2 3.25
1/T (K1) x10°
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1.OM (B SseSh 3 eal JSU 1T Jila Logleord/ T O Asladd) A8Mal) :(3-11) JSill
, PVA-SENPS (A) (e 4dlida 5:8) 5 352 529 G (303-323)K sl e (8 H,SO,
.Ch-SeNPs(B)

Aalite 4yl s il oy JSUN Jglae (8 Jadiial) Saall 2.K0alinn o Sl Jlsall o (o (3.6)J sl
(Endothermic) s_)_all Aalall Zapdall ) doa gll AH* ad jois Gladiall Gl 5 252
Ao 303 o le U5 At a3 pm s e (b 53030 ()5 adial) sl (05 Alen)
DS A s aay el of ) AL AS* 4 el MO TI88T 1y iy goli e I 5 ) 5l
(AG*) (S 28Ul Zun sall adl) o O 3,119 Tl il o elall il ja Jolis st Uit 5
93(Non-spontaneous) & e delall o) e culs

B Aee Sl 368l JSl Jadial) deall (AS*, AG*,AH*) JI sl a G (3.6) Jgaad
, PVA-SeNPs ¢ 4dlida 3181 55 399 99 Gl (303-323)K sl s 1.0M H,SO,

.Ch-SeNPs
inhibitor |  Conc. AH* - AS* AG*(KJ.mol™)

(PPM) | (kamol?) | (akmoly | 303 | 313 | 323
Blank 3.5 1506 | 5195 |53.54 | 5514
100 173 12634 | 5558 |56.84 | 58.11

200 17 62 1253 | 5550 |56.84 | 58.1
PVA-SeNPs 300 23.25 108.3 56.1 |57.15| 58.23
400 2731 | 9555 | 5656 |57.53| 585
500 2019 cs9p | 5744 |58.00| 5858
600 455 1296 | 5852 |58.95| 59.38
100 12.43 89.73 39.61 |4051| 4141
200 10.89 104.1 42,44 | 43.48 | 44.52
Ch-SeNPs 300 16.25 65.37 36.06 |36.71 | 37.36
400 14.691 79.87 38.89 | 39.69 | 40.49

500 12.216 99.93 42.49 | 43.49 | 44.49
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-0.35
-0.33
-0.31 |
0.29 |
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0.17 |
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Thermodynamics of corrosion  JSUll dulaad 4y ) jad) daiyal) 5.3
35210 M H,S0; b sl 3l IS5 ddead (AG) 5oa) S Bl (b ) s 3
11981(6.3) 48 5 ymall 28Mall alatinl; (323-303) k s sadll

AG=-nF Eqy (36)

Lé}l.wj} B‘)‘)&.\AX\ U_Il_l}‘).\ﬁ‘)“ AQ2e N R 96500 CmOI_l (:.SJLA&.JJ L.;\J\Jté C;LjU F R J\_A';S\ RPEN Ece"
.2

d&d\ss% Jilia %Qﬁ:\é&\:\ﬁM\yJ iaul s (AH) Y 8 el Clua o3 LS
TUAH) N (g shae Aslaal) Jaa o) 3 (3.7) Walaall s (3.12)

% = % + Constan (3.7)

(8.3) LS Askas ooty (AS) 25 8V (8 sl a3 (AG , AH) (30 S o Abls 35
AG =AH - T AS (3.8)

) oS AUl AL ) 5l Sus JSU Zuleal (AG, AH, AS) = IS s (7.3) dsaal) cm
solall Sely delall o) ) els AW AL L8 (spontaneous) (SBE Jelédl )
O b eSSl sl e Lol el clelall )Yl ddee o5 (Exothermic)
O ) e s O AL i) o) 199] skl 515500 ) e 5l all Aalall el
Orall G Jualall sl Jalal) e o8 s gl il Laiy | [901U) i) a3 il

IOTllad) e ol iy o 31 5eY Aot laall g

0.32
031 | B
03 |
029 |
028 |
027 |
026 |
025 |
024 |

AG/T

4 Blank @ 100pm 200ppm
A Blank ® 100ppm 200PPM
®300PPM @ 400PFM @ 500PPM -0.23

®300ppm  @400ppm  @®500ppm

IGODPPM 022

3.05 31 3.15 32 3.25 33 3.: 3.05 3.1 3.15 3.2 3.25 3.3

1/Tx10° 1/Tx103
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5245 1.0 M HpSO, b (e Sl ) Apaan JSI 2 bl 2 0 A85ial) 1(3.12) e
. Ch-SeNPs(B) PVA-SeNPS(A) ¢» 4dlida 381 5 393 99 Gz (303-323)K gl

1.OM A (g8l N sal A JSW (AG,AH,AS) 4xSaalisg ga il J) gal) ad (7.3) Jgaad
Ay i cladiall 393 99 Gl (303-323)K sl 2y H,SO,

Inhibitor Conc. T -AG AS -AH
(ppm) | (K) (KImol™) | (3. K mol™) | (KJ.mol*

Blank 303 96.08 -23.5 103.2
313 91.39 -37.73
323 95.69 -23.25

100 303 81.41 -283.14 167.2
313 76.76 -228.96
323 75.75 -283.13

PVA- 200 303 75.66 -73.07 97.8
SeNPs 313 75.98 -69.71
323 74.15 -73.22

300 303 86.27 -98.12 116
313 79.67 -116.07
323 84.42 -97.77

400 303 78.98 -58.16 96.6
313 75.66 -66.91
323 77.86 -58.03

500 303 91.1 -589.43 269.7
313 95.96 -555.08
323 78.99 -590.42

303 90.63 -652.04 288.2
600 313 92.33 -625.78
323 77.34 -652.83
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100 303 88.07 168.86 36.9
313 86.89 159.71
323 91.50 169.04
200 303 90.29 1.93 89.7
Ch- 313 87.78 -6.13
SeNPs 323 90.36 2.05
300 303 87.02 -164.28 136.8
313 89.63 -150.72
323 83.66 -149.02
400 303 89.32 -56.99 104.9
313 87.24 -61.55
323 88.20 -56.65
500 303 85.31 99.69 56.7
313 91.79 117.22
323 87.16 99.25
Adsorption (5 55aY1) Janfith) dpbant 45 ) jad) dpapall - 6.3

dlee a1 Cua Ayl clladiall Alad e AVS s S 3V sl maw e )Y ddee )
& Al Aladial) Al g g Al e (368 5 pdiiall elal) Gl ja Jladal Gk e )5
Gladall l i)y clhdal s b5al f SLeSl Y] el saad JSEI dasg

1198135 i)

Adsorption ) )Y cledissl Al e & &gl clladall 5 i) Gl agd dal (e
[2011991 gl e (3.1 )(3.10)(3.9) w¥aladll (oS, pleSSY, (il %) (Isotherms

log 6 = logK + %logC (3.9)
c 1

TRt (3.10)
0=BlnAr+Blinc (3.11)
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ol

Gl A, OSed Qi B, L) 38 55 :C, Gl 8 culiin ) 1 eY) Culi s Kyge , daadaudl kil 9

Ll ool

O 3y Ayl cldadiall ) 5ieY) cladis Y (adl bl )Y Jelas) R? af za s (8.3) Jsaal

ohadl) A8l a3k o= . PVA-SeNPs ,Ch-SeNPs ladiall 4aidle JSY) sa eSS ) yial
C

e ST el 5 Adle o) aal gl e a8 RP Aed () a5 (3.12) JRA) C e o

Kags O ie¥) <l Cilaa 5 202 5 gy 1 3Y gil) mdas e dpalal e (5S84 il cldadiall () )
boall LuS Al Clua & 51 3Y) s b aladin) 5 LS| (10.3) Aabaall adad aglia ) (s sbusdll
[2031(3.12) Alaleall Aol s AGgs ) e

AG .4 = —RTIN(55.5 K 44,) (3.12)

, skl 3 3 (55.5M) , 50 pallds 0 T @l jbllaladl Sl R |5 53U 3l S d8Ua AGgs - )
. j‘jhy\ Q“_L.\G Kads
Asleadll Jae 0 AHggs J1weY! il Glua &3 (13.3)  (Vant Hoff) s culs Aaleay dilainVL

[PO41(3.13) Sl = e L0g Kags G Ry el

_ _ AHads
logK .4 = ( —2.303RT) + Constant  (3.13)

( Langmuir, Freundlich , Temkin)J\ jie¥) cila 558 R? ad ¢ (3.8) Jssadl
. S (303,313,323) 4ilida 4y i ja ey 3 i & gilil) cillagiall

Inhibitor Isotherm models T(k) R?
303 0.8263
Temkin 313 0.8666
323 0.7159
PVA-SeNPs _ 303 0.8437
Freundlich 313 0.8795
323 0.7361
303 0.9920
Langmuir 313 0.9948
323 0.9877
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AuzBliaY) g guiliill sl Juadl

303 0.9824
Temkin 313 0.9228
323 0.9091
303 0.9876
Freundlich
Ch-SeNPs 313 0.9134
323 0.9208
303 0.9989
Langmuir 313 0.9977
323 0.9895
900 700
y =1.0283x + 50.483 ; (A y=1.0268x+29.194 Langmuir (g |
800 R? = 0.992 Langmuir Y, 500 0 9089 8 \E{' |
700 1y -1.0954x + 49.404 y=1.0451x +44.363
600 R? = 0.9948 500 R2=0.9977
2 o em > y =1.0887x+63.313
& 400 ,& 300
2 [S]
300
200
200
100 s +303K E313K 323K 100 +303K H313K 4323K
u T T T T T T u
0 100 200 3ucu{ r:l:}:m 500 600 700 o 100 500 300 200 500
i € (ppm)
N sil) mhaw Ao Ch-SeNPs (B) PVA-SeNPs (A) slas a g3 2(3.13)Js)
.(303,313,323)k 4dlida 5 ) a cila yo dis g <)
3.21 1.6 —
5.2 ® g &)
' y = 0.2642x + 2.3343 Ps 15 1 y=1.6408x-3.8826
3.19 A
1.4 -
3.18
£3.17 5 1.3
& 3.16 ’g.,
= 1.2
3.15 A
3.14 - Py 11
3.13 T T T T T 1
3.05 3.1 3.15 3.2 3.25 3.3 3.35 3 3.1 3.2 3.3 3.4
1/T(K?)x 107 1/T (K1) x 10°

3 5ilt Ch-SeNPs (B) PVA-SeNPs (A) 1/T Jia Log Kags Cm 48Mal) 1(3.14) Jsid
.(303-323) k s 52 1.0 M H,SO, (A (Ase st
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sbadd) Cn ASge SV Y sl clun a3 U el (S 2y AJEY) e JS a8 Al s
.(3.13)

AGuqs = AHgqs — TAS 445 (3.13)

as o) . PVA-SeNPs ,Ch-SeNPs <ladiall (AS, 4, AGags,AHags) (o JS af caw (3.9) Jsaal)
opdit ) (LagalS 5l ALl 51 Slassll) )W) danla Jgn laglae Ladaat 3 all S 48 5 L0
Sl s eI Jelall) ALl ) 5aeY) ) -20 kImol™ o 8 AG,gs da (S Jla & aladll
-40 kI.mol™? e »S) AGygs a0 Ja & Lol (Adadidll il salls o sndiall parall mhas oy
Lalal) elli g dadall iy all @l jlae om0 S JB 5 Ladl) anl®) ALesl )5y ) s

1205 2001 Gl Al ) S5 (bl

O3l ) SN -40 kJ.mol™ 5-20 kJ.mol™ o 5 seanall AGge alludl aiil) i @lly e 5 e
S ) yel) bl ¢ sl (w5 (Spontaneous) S8t PVA-SeNPs , Ch-SeNPs <Uaidll
O3 Adae o) ) i AHpgs S0 Al 4@l o) - B9 (Mixed adsorption) (e s
Oa 5lall da gl Lal udy L1 s (Exothermic) sl sl dely 45l ciladiall
PVA- cilija o ) Al sl af i oAl PO L selis Jle 323k ) 303k

PO 5o S 39 ) s e a3 el o Laie Ui ST s SeNPs |, Ch-SeNPs

M il pha Je PVA-SeNPs ,Ch-SeNPs clladall 31 5iaY 4y ) ad) dsalaall J)gal) (3.9) Jgandl
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Abstract

Polyvinyl alcohol-stabilized selenium nanoparticles (PVA-SeNPs) and
chitosan-stabilized selenium nanoparticles (Ch-SeNPs) were prepared by
chemical reduction method using ascorbic acid as the reducing agent. The
nanoparticles were characterized using XRD, DLS, Zeta Potential, FT-IR,
and TEM analysis .The first evidence of the formation of selenium
nanoparticles changes the color of the solution from colorless to orange,
TEM microscopic images showed that the selenium nanoparticles were
spherical in shape with an average diameter of 42.14 nm and 59.8 nm for
(PVA-SeNPs , Ch-SeNPs), respectively. In addition to the fact that XRD
confirmed the crystalline and amorphous nature of the nanoparticles, FT-IR
analysis showed the Se-Se metallic bond at 720 cm-1, which confirms the
formation of Nano selenium (SeNPs). A solution of (Ch-SeNPs, PVA-
SeNPs) was used as corrosion inhibitors for carbon steel in 1.0 M H,SO,.
The effect of the presence of inhibitors in the corrosion medium was studied
by potential polarization (electrochemical studies) using the Tafel technique
and the weight loss method. The corrosion inhibition efficiency reached
92.86% in the presence of PVA-SeNPs at a concentration of 600 ppm, and
93.02% in the presence of Ch-SeNPs 500 ppm at a temperature of 303 K.
The results of electrochemical studies indicate that selenium nanoparticles
stabilized with chitosan (Ch-SeNPs) give better inhibition efficiency at a
lower concentration than selenium nanoparticles stabilized with polyvinyl
alcohol (PVA-SeNPs). It was found that increasing the concentration
increases the efficiency of inhibition, and temperature has a negative effect,
the lowest inhibition efficiency reached 65.67% and 62.35% for (PVA-



SeNPs , Ch-SeNPs), respectively, at a concentration of 100 ppm and a
temperature of 323 K. The inhibition of the corrosion process was confirmed
by studying the metal surface of the samples used using SEM and AFM
techniques, which showed that the effect of the acidic medium on the surface
of carbon steel was significantly reduced in the presence of (Ch-SeNPs,
PVA-SeNPs). Adsorption isotherms (Freundlich, Langmuir, Temkin) were
studied for the studied inhibitors on the metal surface, and it was found that
Langmuir adsorption is the most suitable with a spontaneous adsorption
process of the mixed type (chemical and physical adsorption). The kinetic

and thermodynamic functions of the inhibition process were also studied.
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