12 th |nternational Conference on &?u.n." o= ou).ﬂ.J G”Mﬁjﬁb
2\ Mechanical Engineering,
AN Materials and Metallurgy J=TTETES TERCTRE i 55 | 5 80lio g 018 ¢ SailSn uirigo

www.memconf .ir

12th International Conference On Mechanical Engineering, Materials and Metallurgy YN

PUBLISH IN JOURNALS ~————— VF+Y olo adiwl YA

bohs Cldw gy 5o Sl 5, be piito (5,185 51 (m) 2
03l yow pgangll y3lio LS (Gliwsl) yd Ay 0,5 0 5uilgIlS

Oleol ()5 gt SY8 polzma 09 e (il 5 (55105 000 poe

. oo l? Lé)

Ry SV OS 0 (5518 050 poe

oM

e BIE o Fosry kg o o3l bglas ol oy 55 (0,55 e o5 ol f S
robie opaz ;0 gy a3l (o ol o)l porieedl] ke 05 Y b 5 Slie s o pocies]
ST 5l el lesis JLasl ko 5 o psimnsl rolie alS 585 oo s e ol
5] 9 Ml 5,5 e el e oSl s Jlo L ] o ] il 5 0355 L 5
&I 5l s oo L dalllas cpl (glaasdl gei oo Claw s jo Sy 5,Le 0,98 iulidl g 5 L5
2,0 16 4 o )8 g o)l poinegll Jlade malS sliwl))o ao 0 50 ;51 i Wl o b pste oy
Sy ke poe s il 31 8 Wl e 85 s 50,5 e oy apmtansl i
Al aily o sl Sl B las yralSolie

S o)y ol ol (S 55 gy o5 055 sl 53y



l 2 th \ntemational Conference on ‘?M o= ngf)ﬂ.a.f cﬁmbjﬁb
2\ Mechanical Engineering,
Materials and Metallurgy JS=TUEEER BRI i 5 | (553800 9 3190 ¢ SilKin uirige
www.memeconf .ir

12th Intemational Conference On Mechanical Engineering, Materials and Metallurgy
PUBLISH IN JOURNALS ~————— VF+Y olo adiwl YA

e 50 1 (5y9abge b g0V g8 ilakad  po tbg sliwlyys copgle pliay (Gomil B Glouerds S glaul 5l )8 aw 4 o B
Sbsy 4 0,5 0I5l 050l a5 (SlaisT @y 2Bl BT S g s, Gl 938 (o0 anilE sy (o005 o s,
@ 5oYs8 slas,g 0,5 o5lgdlS usl,s (. Lamesch, 2005) o5 o solitul Lis puliw 10 (aws oz b g calises
Lo 53 (6,15 gy (nb 4 pe & gsie g (npdalylS pgaiagll ke polie 5 (59, 516 Sl Gy 50 0,5 (5 94k b,
ol ot 4 1) (5oYg8 SV garme ST glp e yoe Rl anTb cpl a0 5 005 (50,55 plp y0 cbili> sl sl

(Marder A.R, 2000, Carlsoon, P, 2005) s,ls

Szl s liw Gly oo o Sloe aSul 4y a5 b ol o Ol lde (lg o5 05ulglE bglas 63,15 g oo 13> 5] Y
5 o1l J) (S Gl Bl o ST Jpame gl ek 5 o3I bohs (g0 i 2 D05 4 o]
039 ) izl g Slie ylg Sgame yee g 0 Slae 4 by O w0 juilglS bglas S wlasgs [0 Jole o 3,155 5
Sl o5lgd5 bghas a8g5 ley Sow 4 slasS 4 L(A. Krishnaswamy, 2005, W.J. Wang et al, 2007) <.l
Sladss ol plojle 2001 5 1996 slale jo aib oo aiin 90 bwgie job a4 ] Gl 5 Glde oy (augas
(E Bal’bero et al, 2004) als ‘nl:u‘ ULP )...u‘)...u ).b ra)f Mj—a—i o)...v‘ijf .‘05.]4} O )b ‘) ‘579.....»)]4_1 50 6"&?).«.4 9G9y

(X, LIO et al, 2005) wigis oo bgsyo 5 bV 510,50 diz b S 4y aS

00505 slo Ll o oSzl o Slee @
ol szl olie ply (o, @
e ols gl 595 2 O e LS LSS 5 To )y 05, T g5 ailsz @

5" o s ¥ Gl 5 el a8 aisd (T gzl 5 ol g dlse a5 4 yzeie al ge 358 Jelse plos
ol @l g Ol ly (Soye5 bYs opl ole 5l (AL Krishnaswamy, 2005) sgi oo asein 'SVl Jgdo s
Sliiss 5l e BB e colpls 0ed oo 05ledlE adgs Lol alidl IS 5l el a5 cenl (LYs o e 5 So
A5 ,56 Jelge 510K, Lio et al, 2005) cuslaisls IS (pl (40,5 Byl ys g (50,05 ol Je s, 4 00y ploxl

2,5 0 )5l 5 9 )l5e 4 Llsise O slizl 5 e s (T2 50

s ply ) pgieegll (Sble (Lol o
i gy L slos @
(LSile 22 52 S 5l (S20) Sl g 50 59, Slde bY@

S92l b Gy plaw (Saighys @

! Corrosion

2 International Lead Zinc Research Organization (ILZRO)
% Nucleation

4 Dross

5 Intermetallic particles

6 Wear rate

" Hardness change

8 Change in elastic modulus




l 2 ™ International Conference on ‘ru-ﬂ-" o= Q"JW u:*msz

f~\ Mechanical Engineering,
.7’ Materials and Metallurgy S=TLRZELERCIEHERY Y Qb2 57 | 53810 3 3130 ¢ Sl puiigo
o

www.memeconf .ir

12th International Conference On Mechanical Engineering, Materials and Metallurgy YN

PUBLISH IN JOURNALS ~————— VF+Y olo adiwl YA

J.H.Shim et al, 2002, B.G.Seong et al, 2001, M.X. Yao and R. Lio, 2005, Abd EIl Aal, 2004, Abd El )

Aal, 2006, Bernard M.C. et al, 1995, Xu Jing, 2007, H. Dafydd et al, 2005, S. Peulon and D. Lincot,
(1998, J.J. Garcia et al, 2005, Wujian Miao et al, 2007

ani ) 5 o] 6zl s olie Oly sy (50,55 5 olie slos 5 powiensl ale Lol,T a8 wlools Lt 6,k lelliae
M.C. Bernard et al, 1995, X.G. ) 43,138 .36 jlaws 0,b o oS3 g sl Stz Jotgnd o530 o 0luS 5 LSias
oS ol Codly ol Sk wssy ohie bz 5l 30 oyl slal s of il 5 Slie ol So,55 (Zhang,01995
W85 5o S, n Ses OS> o) adies SIS a5 Jdo (pl 4 wed o0 ) Ly b S o (S5
Oliee o8 ol plas (LAl 1S el 9¥98 S50 50 Olde ol (59,65 liee 5 deke oo g ()093 Wiz (pgas)s
9 EP O Sl AgSged a5 Cool (b po cnl g Al 8 slaoyss 4 S S eda GRIPl Glde Oy (59,55
Jlade gwyp colie oy calies g pSoslail slagygesl 5l Jols mls .cul solai ) T eaisS el 5 Sl (ylg i
il axdlioe Slie slagly (So,55 5 Sige J¥s 5l dslse ol a5 ols li wdgs s Sk s (a5 g 0y il
0L (50,55 SRl com Slie oy 55 it @b 5 gt ey I3 rizen g o)l paeiesl] Jlade (a3
polie G ylas (e i o2 5 nss b atpm eolie (s YU Conl 4 az s b (1402 IS puiF) coul si doyo
o oS GRReR )3 9y ol Sesl 0oy S92ge laadads Sl (o (Fosen £ GRIPF T xSl olhe g
2 50k poringll Jlade (rals gbil))s fige la)lS oy cgly lae Dyl JLis 4 0yl portragl] yolie Ol s
35sn (s Gt 895 S 9 poaieesl] T ogane (g Dgli 4 az g b og melex Sl ply (Sou55 5 palS ol
ES 2 oy g S &y pgeiagll olie Ol 4 (prriasl] 000 S sl (59, SN SLely et 35ed aLSN 51 g
el )| yo Sl ads 5L colie ol 50 parieasll Vb @ 5, S > 5l (6ol bl ) adsl (gloel, 51 (S uy 35
o 050 paeiegl aleands 5IUT 51 ool Cusss ml (izmen 9 )5 iz Lylpd (el cnlp il (o ol
5 0091 b sl Colled osgamme ;5 lasl Sl gl oo alowil wlalllas gy ol po ol Glis ol a5 )3

el 0025 ot Jlars Clde (s (S99l b g (pleend B Lo

oo laiwl Syg0 ‘sLﬁJ,-L%c 9 ¢|5a

g« 2Bles] aie T pginagdl o lailinl Jgloe IS s Slad ¢ (159,000 9paSTy 13750, 15 sl
D52 5 Gl

o3 @i (b9, &1 poringll pais 5IGT (g0

novAA 800 Jus Vil Gaz olis Loyl g Slde diges 40 9350 ijﬂ solie (6, Soslail aalllas cpl yo
@ 0ad i (55,0 (5ol bl a3l G (5 kg Sl olfiiws 28,5 g0 oLl LSBT S Ll cs L
S g 4 0l 695 95,06 Wi yls 1B L 55 50 laesl yies aSel 51asS e e 5 > o ol slas! alwsg

(Matthew R, 2001, Prasad AS, 1995) s5i oo (5 m5ojlal Cda jlade cpl a5 S G 1) pld 5,9 aue

° Density
10 Atomic Absorption Spectroscopy



l 2 th \ntemational Conference on ‘?M o= buf).h.f cﬁmﬁjﬁb

@&\ Mechanical Engineering,
Materials and Metallurgy SETLTERR TIEREE ol oF | 83187 g 090 ¢ SuilKo uige

www.memeconf .ir

12th Intemational Conference On Mechanical Engineering, Materials and Metallurgy
PUBLISH IN JOURNALS ~————— VF+Y olo adiwl YA

»)9 4...’>u) (5]"‘" ‘51...@ 400 P 9y ‘) u‘..\.a o)l;.).w la 9 u‘..\.n gl )‘ [n)f 10 )L\.cu ‘Jﬁlm Agod (_g)L..u ools! ‘_g‘).s
IR e 5y Pl il oSS sl |y b ploiion adlal (ol e 1) S po0)l8 sl 2] (e 5O i 550
Syl b aids 5 ey S gl 5 09938 T 4 (455,008 aST ) Lo 015 Jlade a0 &)l alyT 4 g 00ls
~so bgle 5 00503 53, 6% ko 100 L S5 50 Jlaiie O Lawsgi 1) (T Jalome (30 s 51 g - poailisgz oo odlo
pomiog)] yaie glp az e 0ol ylsieas pl o 1000 o Jasbinl 5 obie s lailbinl sloJgloe cilo 5 ad Cu> ouiS
S5 Jeadl s Gab g5l plaul gl Coles j0 109 oo oolaiwl e (5 15 6,08 0 5L 0,50 5 cilise slacdale o
sBtws 1) a0 Joloma o 51 s g 00ls slftws 4 s 3 @ 1y poingd] paie Jlaine slas lasbiw] o3l Gas olKiwsly
3)l0 5 03l olSiss a1y (19051 3,50 peinasll Slaslns yseml S (Gmio s Sl an el o0 |y T S0 5 e o0

pmled so o oSns I oled vae O] Cews 4 1) a5 awe

o aily

ol alol> @l b pdy Oypo el 24 1 50 b du (55 diged 0Bl s 59y 10 Giie o Jleel sl (5505 090
Orized g lime O g poiie dw dalllae ol 50 el sad S 1 Jgaz 50 (:Silie Sjgm 59,58 50 (55l diged oy
Sloly 5L 0y99 Guizmen g i)l Gl e 08,5 J15 pwyp Syse adsl (s, I b b pste ol e ]
il o3gy (w2 3550 Sl piie

s poinsl] T s Jl ol b el aly gy S i 2 g o alow) ob35 4 el s 4o oiKd
Lt Jlael b g, o) il e 610 oine BT l)s pomivagll gl Dk ly Lpe 0yind 5o abdga s ke
SR il s (6 50Sen Cond 4 pgiagl] polie & 1SS b S 90 4 S5 51 5L e Gl g s
o o)l e polia gy ()58 5 el ansl o 0oy 148 5o &y lie oy pomios]] Mk i 33l comms ¢5,L0 ome
5 S0 Sl 5 5Lt gl ) il sl o Jlocl Sl pekS o5 skms pakie gy bl oo aoyo 3120
s LB e Wl e 45wl o s 17196 ke ol sl 0 0 pus polie LS s liko syl s
poriagll sl 51 (658 51 5 425005 elram & |y wlie oy poriragl] olin o8 wiz il Slyeeis ol Lol 595 olaels
5 Judis 0 55LS 30 & 60 51 5L gy o 50 0ol 55l Sbely o5 Liwly cren 50 bl e do s 3133 Ll g
@ Jyax o 55l 0y98 50 Ol Jloel a5 ()T b cdl (l33l )5 Cugipe o (s 24 4 650 8 1 55L5 Slads
5 J5ed BB b @S dap] @38 08 1 (o) 5 L itie ezt O 08 (L e 99 ) S 5 e &

el 5905 1 1, (6] 008 garne

poegl] ke 55L5 Gloj 0,90 halS uizmen 5 b gl 3Hle (e 9o 1 55l m Jleel Sk ez b
251 Jlogei aazg b alosgs o)l poiagll polie als so,e ST/06 sals g aisls iulj8l as e 16/30 Ll
o3llS bslas lie ls o Slelj 5L ogmd 2okl L ams o i 5 Sl |, s sloyaiio 2l o0 1 bt ool
Olp o wolde oy (53,03 Gl g pariegl] gzmen S Sl g e 3L polie clile JpuS el gy 0,5

ety ol e & 5 ) lie g (5eS Slge b lae ytals

,log0i g b o Jglos




l 2 th international Conference on =_UJ:J Q—-'\" uuf)uf Mjﬁb
Mechanical Engineering,
Materials and Metallurgy BTIITERER NN ol oF | 83187 g 090 ¢ SuilKo uige

www.memeconf .ir

12th International Conference On Mechanical Engineering, Materials and Metallurgy YN

PUBLISH IN JOURNALS ~— ————————————————  YFe¥ ala aliul YA

pouodd 1 3IGT (903l @uls Gl 1 Jgua

() Mokl (50 riin o35 x5 paipngh! 36T 905 i

e d (2133 oo 5L )93 (e Gros abais ;o 5,L8 5L Gl Gl SR &5 0590
05y e 05k e osk ele o)k ele o)k <l
2119 0154 315 0142 314 0140 414 0138 426 0/136 1
2/26 0/155 3134 0/145 3/86 0/139 3/91 0/137 4/61 0/138 2
236 o0/155 312 0/143  3/46 0140 3197 0137 387 0135 3
/74  0/157 331 0143 371  0/141  3/94  0/140 4559  0/130 a
1/80  0/159 328  0/144 372 0/138 422 0141 419 0132 5
195  0/160 321 0145  3/63  0/139  3/93  0/136 433  0/136 6
216  0/158 3224  0/144 334 0140 434  0/135 406  0/141 7
224 0154 332 0/144 3441 0139 377 0136  3/76  0/135 8
211 0158 299  0/143 319 0139 428  0/135 445  0/132 9
1/88  0/157 321 0145 320  0/141 443 0137 413 0135 10

2/07 0/157 3/22 0/144 3/47 0/139 4/09 0/137 4/23 0/135 5eSile

51/06 16/30  23/87 6/65 17/96 3/33 3/30 1/48 - - G188 431

[ Loty

55L8 oogs(c  adgl o (Wl ol yly yo Stol 5ok Joxe 1 JSCi



12 th international Conference on =_U.er C)-ﬁ Q«J)ﬂ.ﬁf a.m:jﬁb
t\Mechanical Engineering,
Materials and Metallurgy BTIITERER NN ol oF | 83187 g 090 ¢ SuilKo uige

www.memconf .ir

12th International Conference On Mechanical Engineering, Materials and Metallurgy YN

PUBLISH IN JOURNALS ~————— VF+Y olo adiwl YA

e p gunsll Gl o yesitio 6,15 i

3L e 38l T Guas aladi o 3)L0 W 5,0 0590 loy W pdie as o380 02

Slosl 6l puiso bl 32 Ol pguinogll 5ILT s (oawy 2 1513905

o3l p3uisnsll GBS 31 1 it g 5

52l e al381 T Gaas alali o 5,L0 M 5)LG 0 )90 (yloy W ki dun 33 00

Sloel Gl o bl 32 05w I’S‘.’?’.’f"ﬂ ,.JLJ TS oy 20900



12 th international Conference on o) H U“-’t )QJJ W’jﬁb

Mechanical Engineering,
Materials and Metallurgy BE=TLREEER S EHSS
www.memconf .ir

12th Intemational Conference On Mechanical Engineering, Materials and Metallurgy
NPT sle il WA

PUBLISH IN JOURNALS

S5 Az g Sy

Ol Ol (oo 2l Ol 5)Le 2 Fee sla pite Jloel jlond Jol gls (il 5 485 D50 la (o p 4 4295 L
Ols Gmly L) 5o 5L 5 el plowl 5L Gjg slade Sl b ol jon 55l Dlads (al3) o jgan 5L 092 2Mlal L Sges
@ g 0,0y poainagl] Jlaie (s00,0 51/06 als «lie ly poiagl] o (oo ,0 16/30 yil38l vals ol o colie

el 2le ply ()5 Glewsly (aal38l 5 Dlie ol yo (S0 Shals ol b



12 th international Conference on =_M o= bu.Jf -V U\:Mﬁj‘})
Mechanical Engineering,
Materials and Metallurgy SETLTERR TIEREE ol oF | 83187 g 090 ¢ SuilKo uige

www.memeconf .ir

12th International Conference On Mechanical Engineering, Materials and Metallurgy YN

PUBLISH IN JOURNALS ~— ————————————————  YFe¥ ala aliul YA

&L

:‘Y_}B C,fj& Lo g CJ? aJ':J‘_,J\f .A._Jj.]a:—u‘.h ‘_;Lb (_)\‘5 BE) ;’)?ﬁ;}‘ J.nl).o Sy 'Lsej}JJ’““‘JK r-l.f L.b)..\.w

140201 1 Ssy55 oo KS 5aSS 5 o LS .Sl
J. Lamesch, The world history of galvanizing, Metallurgical research & Technology, Volume 102, 2005.
Marder A.R., The metallurgy of zinc-coated steel, Prog. in Mate. Sci, Vol: 45, pp: 191-271, 2000.
Carlsoon, P., Surface Engineering in Sheet Metal Forming, Acta Univers. Uppsala, 2005.
E. Barbero, C. Irwin, X. Liu, V. Sikka, F. Goodwin.,, DEVELOPMENT OF THE NEXT GENERATION OF
BATH HARDWARE MATERIALS, Iron and Steel Technology, Volume 10; 31-37, 2004.
A. Krishnaswamy., Evaluation of Surface Mechanical Properties of Pot Hardware materials in Continuous
Galvanizing Lines, West Virginia University, 2005.
W.J. Wang, J.P. Lin, Y.L. Wang, Y. Zhang, G.L. Chen., Isothermal corrosion TiAl-Nb alloy in liquid zinc,
Materials Science and Engineering A 452-453 (2007) 194-201
X. LIU, E. BARBERO, J. XU, M. BURRIS, K. CHANG, and V. SIKKA., Liquid Metal Corrosion of 316L,
Fe3Al, and FeCrSi in Molten Zn-Al Baths, Metallurgical and Materials Transaction A, Volume 36A, 2005.
J.-H. Shim, S. H. Chung & Y. W. Cho, Prediction of aluminium concentration in molten zinc pot of continuous
hot dip galvanising line, Ironmaking & Steelmaking, 29:6, 454-458, 2002.
B.G. Seong, S.Y. Hwang, M.C. Kim, K.Y. Kim., Reaction of WC—Co coating with molten zinc in a zinc pot of a
continuous galvanizing line Author links open overlay panel, Surface and Coating Technology, Volume 128,
Issue 1 (101-110), 2001.
M. X. Yao, R. Liu., Microstructural characteristics and corrosion resistance in molten Zn—Al bath of Co—Mo-
Cr=Si alloys, Materials Science and Engineering; A, Volume 407, Issue 1-2, 299-305, 2005.
Abd El Aal, E.E. Corrosion Science, v 46, n 1, Jan. 2004, p 37-49.
Abd El Aal, E.E. Corrosion Science, v 48, n 2, February, 2006, p 343-360
Bernard M.C. , Hugot-Le Goff A., Phillips, N. Journal of the Electrochemical Society, v 142, n 7, July 1995.
Xu, Jing, "Kinetics of corrosion and dross build-up in molten Zn-Al systems.” (2007). Graduate Theses,
Dissertations, and Problem Reports. 10058.
H. Dafydd, D.A. Worsley, H.N. McMurray, Corrosion Science, vol. 47, 2005, pp. 3006-3018.
S. Peulon and D. Lincot, J. Electrochem. Soc., v 145, n 3, March 1998, p 864-74
J.J. Garcia-Jareno, D. Gimenez-Romero, M. Keddam, and F. Vicente, J. Phys. Chem. B, vol.109, 2005, pp.
4593-4598.
Wujian Miao, lvan S. Cole, Aaron K. Neufeld, Scott Furman, Uni. Of Southern Mississippi, J. of the
electrochemical soceity, 154 (1) C7-C15 (2007)
M.C. Bernard, A. Hugot-Le-Goff, N. Phillips, J. Electrochem. Soc. 142 (1995), pp. 2162.
X. G. Zhang, Corrosion and Electrochemistry of Zinc, Plenum Press, New York 1996 .
Matthew R, Pincus, Jahn bernard, Henry. Clinical chemistry. In: John Bernard, Henry. Clinical diagnosis and
management by laboratory methods. 20th ed. Philadelphia: Saunders Company; 2001. p. 159-366.
Prasad AS. Zinc: an Overview. Nutrition 1995; 11: 93-99.



l 2 th international Conference on ‘?M o= buf).h.f cﬁmﬁjﬁb
“2&-\ Mechanical Engineering,
# Materials and Metallurgy JGTUTEEERCIEKVEY

www.memeconf .ir

12th Intemational Conference On Mechanical Engineering, Materials and Metallurgy
PUBLISH IN JOURNALS ~————— VF+Y olo adiwl YA

Study the effect of Zamak charging variables in the molten pool of
continuous hot-dip galvanized lines in order to reduce the amount of
aluminum top dross

Gandomkar Mohamadreza Golshani Mohamadreza

Abstract

One of the main causes of corrosion in the molten bath of continuous hot-dip galvanized
lines is the existence of concentration gradients of aluminum element on the surface of the
melt or the high amount of aluminum top dross. Investigations about the elements of the
molten bath show that reducing the amount of aluminum top dross through the application
of metallurgical changes is not an easy and stable thing, and this goal should be pursued by
applying corrective changes such as increasing the charging location, increasing the
charging height and increasing the charging period of Zamak in the molten bath. did the
findings of this study show that the effect of these variables can be more than 50% to
reduce the amount of aluminum top dross and almost 16% to increase the amount of
molten aluminum. The results that can include the reduction of Zamak consumption,
regardless of increasing the useful life of the molten bath.

Keywords: Continuous hot-dip galvanizing, molten bath corrosion, top dross, Zamak



