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Removal of Nickel from the Etching Waste Solution of Ferric Chloride
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Abstract: Efficient removal of nickel from the ferric chloride etching solution has been studied. At first, Fe** was re-
duced to Fe?* by the electrolytic iron flake or the waste shadow mask iron plate. And then, Ni** was removed from the
solution by electrolytic iron powder. Under the optimum conditions the reduced rates of nickel were 99% and 98%,
respectively at the initial Ni** concentrations of 1.0% and 0.1%. Sludge formed during reduction of Fe* in the solution
were analyzed by XRD and SEM.

L 2 Azfuirags g2 AUEE Eo]7]93
ARFATIL o e B-yA FF(Invar FZ
o3 At TVE T AAFo| A el F4gt T Alloyd2)o] F2 AFL-5 3 9ok, =3 vt A4

HDTV(High Definition Television, 237 =g]n) gz oee A—UA §Fo] ALET e}

e AAAR FE7F 2000300 < 300920 B3t olgigt A-Jd §F& s YA FE
o}, HDTV Display 413 3g]7]&, HDTV $87|¢ FeA2E fdo] AMEHT) JFA2H fede 7
5 TS 13 o HDTVE 7138 "R o) 2 35, 2 ¥, UA ¢F 5o U etchant2 2
AoiA Holetnr Eelm gleh. ®=F HT gda} o] AHg-Eojzlch 2 o] Z& t}E etchantol s
o] 71&9 TV AAANZRE 2593 o] o A7t L, FASHAZA A o] Hojubr] W Fo]
ATV Agel 43 olFelAn U= Aold, o A-uUd $39 ARSshaz AN D2
WHEAg ozl gaksk A ol FAs A S9L HFAIA gAoT BEA 3h¢de] o]

F712 sk HDTV = d3TVel mebede]l oz Al Ud 59 $3450] Sase] 1}
e AEPolaaE AR ASHE 1B B 2ok oA A4S Ae st Agar) duAs

614



QA4 A5tz HAF YAAS 615

R d3HA| 14 248 Cl, == H0, 522 Ab3}
go] d3A28 S0 utEolop Hrh. 12y o
Poae wrEAgsA Hu Sduel Yo FAF
1z, geh AAEFAE PojmelA =of dAdo] A
285k o) o)A ok AAAE AT
Jaxe 249 JAL AAL Fest Aok vA
7 234 2o AAE HEAHEollME go] o
52 9o

Mayenkar[1] & 523 € Zdgo|zsd YA
o AA 2 Fge BY ATE sk AR
gdozne JAL AASGE o2 AL Add A
£9i[2], FEAAN FAH[3], Y ddH[4-12]
AX AE4[13-15] ol ¢34 ok 28 AT
AR JAAA A 5ol MAAH dF7}
o)$ 22g Aot B AgojME #Y HEye
o]l 45t AL YEA2H AYo2rE YAL A
Atz gch "ol o3 Y HEHoE A2
A FAge] yAL AAT ¢ e F AR o
2ok, & AWA HAZF dsHA2E 499 B
olx, THA WAt YA AAo|ch ojw Udojut
t urge EEHIAGAA A AHeluh[16, 17].
Fe*'7} Fe* 2 #dss TFHAAAE 0.770 Vel
w[18], Niz*7} Ni2 &9+ EFEUdAHAE
—0.231Vo|t}[19]. Fe**7} FeZ #Y5= T3
Ao —0.440Vo|t}. 2o Nit* o]&o] g%
A2 F4dd FEAE Yo Fe'7b NI R
o} HA #dEg. B dFeME oY dhgo|EE
ulgto 2 o] shx| o2 AR F, A <, AY
%, 5, WA pH & AAA 7H &%
Al JAAASYE Falnzt gk =3 g 3
Ho whz} BAsLE Y] ARAE Avstnat P

2.4

2.1. Al U 7|7 :

B2 Age g2 A4g mddde (F)5UA
ol AaFql GFALdo2 4y 2 XL FeCl; 34
%, FeCl, 9%, HCl 0.2%°}gict. 859 YAsT
£ zAs7] d3 dshANICL-6H0, BX HIE
L2 FHERE) & AHEStSiTh d3tA22 e Bd&2
e 7HHKMn0,) AAH[20, 21]e 2 &A5 ¢}
AHeE He ANAA(BEK BHNETL, 1.5X1.5X15
em), AH EL(EAR HEME FrHRRAEE 250

[ FeCl,+FeCl; Solution j

l

{ Concentration Adjust;I «—— H0

¢ N;or Air

r Reduction of FeCl; } & Fe(s)

Fe(s)
+FeOOH

! FeCl, Solution

l

| Reduction of Nickel IH*‘— Fe(s)

Filtration

l FeCl, Solution

\ < NiCL

Fe(s)+Ni(s)

Fig. 1. Flowchart for the removal of nickel in the

etching waste solution of ferric chloride.
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Fig. 2. Experimental apparatus for (A) the reduc-
tion of FeCl; and (B) the removal of nickel.
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Fig. 3. Reduction rate of Fe** by the electrolytic
iron flake under air atmosphere at various
temperature.
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Fig. 4. Reduction rate of Fe** by the electrolytic
iron flake under N, atmosphere at various

temperature.
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Fig. 5. Reduction rate of Fe*" by the waste shadow
mask iron plate under air atmosphere at var-

lous temperature.
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mask iron plate under N, atmosphere at var-
lous temperature.
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Fig. 7. Removal efficiency of Ni** by the electrolytic
iron powder at various mole ratio of Fe/Ni**
and 40°C. The initial concentration of Ni?* is
1.0%.
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Fig. 11. XRD pattern of the sludge obtained during
the initial period of FeCl, reduction process.
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