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The demand for metal components fabricated through additive manufacturing techniques
has risen significantly in recent times. However, the general procedure of these methods is
to apply high heat to powder or metal electrodes and to apply this high heat, advanced
devices such as lasers are required. Also, the staircase effect causes anisotropy in the final
part and affects the mechanical properties. Electrochemical additive manufacturing enables
the production of metal samples at room temperature, and the inherent electrochemical
characteristics of this method allow for the utilization of various metals. This research used
the electrochemical additive manufacturing method to make a composite consisting of
copper and chromium. This study studied the effect of voltage on the intensity of the
current transmitted to copper sulfate and chromic acid solutions, the deposition of copper
and chromium during composite printing, and the staircase effect. The study of the amount
of deposition showed that this amount decreases with the printing of chromium layers.
Also, applying voltage up to a certain level increases the current transferred to the solution.
SEM image study also showed that there is no staircase effect in the composite.

Please cite this article using:

s Lod oolaiuwl J1d wyle jl dlio ol 4 gl yl 6l 0

Hajiali Mohammadi A, Musavi Rad SM, Abedini V. Investigation of copper and chromium composite printing process using electrochemical
method. Iranian Journal of Manufacturing Engineering. 2024 Nov 21;11(9):40-48. doi: 10.22034/ijme.2024.463355.1972 [In Persian]


http://mjmec.ir/
http://mjmec.ir/
http://www.smeir.org/
https://doi.org/10.22034/ijme.2024.463355.1972

Ubed 9 sdeze oAb Lo e Alouiby )il (yhg) Hl o3laianl b 09,5 9 (o a3 jgaels la sl pd )

dondio —
Sgazte S8 DY game (§jlwdiged b adgr 4 Jadd lal o g ol Byae VAAL ans o \633*.‘}5‘ Sl (5,58« o b Ll )
Gilisea sz ;3 1) owiigen 5l slisee Gloo )5 5 39 @ sl (38 Clo (55918 anmgs ¥ -4 Jlo 5l DV s
asle "y 4 Y 5 Sy, 5l eslitul b sl 5 ol Sglie calS ol anlys b lolul ool cole g sbnl o
e b e sysls SO sl ol I O] sgas solitul 6 yenly 5 (Siolw wsl Slge 5l et (555l ol 4o g oo
Dgd o 2L Sl g olge ) 00 pals dedn s jielS s slse ookl (>l 10 (6)5le8 s a5 Clll

Y] a8 oo ol p oz lodwsin Olr ln 1) Cile Slspes psmre 35 slaghs, b anlio jo Il ol el

o VT (50 oedin gy 8] V6509 s (chgmmed 0205 o 118 oslial 300 ST 5 318 Gy sl it o5 g, 0
Al & plaebl o (Jonll [V oAl el oalasdl Sthol 5 Kasm 575 il Caar bl cale Dl
Lo )5 oo 4 0lge 9d (6l o9, ol dad (rien Il QS g0 dgaze |y aanyl 8 ol 5l oo mlS colaiul coad sl Dlelad
5o 00 Sla slaojle al LS 1o 5 51 b M alaise & b (ganlannST 5l 6 slr (sln gy (B g3 g Nl 5L
i STk > 5 odzn oS 35 ol slaghs, st s s b B30y 5 s 5L eoliul 51 3
J55 (63,5 laneal g2y wlge bl Crizmen VY AY] il Sgamme 00,50 slao )5 o o] 5l sslinal ol plo
Lol 59, 00 HUasil wogdleay [10 VPl s Slls iyl Col of) pu i Ssge sloille 35 5 lse e g 51 sla s
Sl Gl oz sl oy, b el 5L cplply re] ws Ay e, B a4 SGop Vo0 U YA Glo Jle oo 6550 Sk
el long 2SI a3 2 U318 Ol (sl i (sl 3 S Mg gy SI3lS

w555 2 1 ol o Caalies b gloay¥ a5 coul il cole 5l asas Laas IS0 " ol 2SIl )5l sl
5 Sl 2l 4 oltws (slp 0aisS el (g, o [VA V] S o slowl apygy (0505 ettt By 5l bl j S,
595 b1y oxde ooy S g ol ol 2SI ol ol VY V]l WU Jls 2525 b o (S0
gy cxl DAl wiS sl aill, S 4 b slaJas ) Lains |y lakad b oS o oS 5 il e lo a0 4 aY el
oS ool ol anlyd cnl Cage ol s (o2 Iulyd @ azg b1y oad (el Slge olsS (lgise 5 90, (ailiardg Sl ol
I ol 1 s0ls Cgasy o5 30 b o)1 51 Saee 3 (5l ol g (anmme Ll b 5o Gl ga 1) ol 5 olge 51 (slod 1S o
o2 5 sl e Jenily 5355 wsSae Bosb 5l Wloe g Cnl rigres o)l L Sle S ladare b cweB) S 55 4
oo Ol b bl ouT sla Lo ;o S wald | by 2SI Pl 53,k 51 1] bl olSel 5 il 2als
Gowt e sl sk o b, Kaales «piyiillan] sloSus aile olos )5 ¢ ol oSI aglidl el g, 5l oolital b
(o i slaciliss! 5,500 sl JBSGamgn Lidu diile cilisee mlio o Glisue s )5 sl SaSS ol LY ] cosls wialys
ol ol slacussama 5 (S il b IVAD canl (isuayss o S oSl Sladad g b gige 5,500 0g,See (slaosing 2 ol
I col e o 5,58

aS ols oylas oy iegh mls asls &) 1) caadily )l slioamdiy iUl samdn Sol> 5l s b [N o)Kes § o>
9 5,59 B 4l 5 g ey SRl L als ol EalS L g wiies ()5k vz Gl )b 00l Qlr e ool
amio 55y p 1) IS 5 e Sl axidlys waz J3b o 5l eolial b IYYT 1Ko 5 5 g, 00 YL (Siip iSUl Canglia
5 O b Selg S e Sl wle g edges Jolaie |) S p 31 jLid w093 oy (b Jodo 4 sax Ul S Sl (o
w005 g sanlez Slr bl S 5 e 3l 65858 ol siloants 2SI s Sile S 5l eslizal L [YY] S

1 Additive Manufacturing (AM)

2 Powder Bed Fusion

3 Direct Energy Deposition

4Jet Binder

5 Object Manufacturing

6 Cold Spraying

7 Friction Stir Welding

8 Electrochemical Additive Manufacturing (ECAM)
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