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LOT GIOT THIEU

An mon va bio vé kim loai 1a mot nganh khoa hoc ¢6 lién quan dén nhiéu
linh vuc khac nhau: kim loai hoc, hoa li, hoa phan tich, hoa polimer, hoa méi
triudng, hod silicat .... Gido trinh dudc soan thdo ngén gon, sic tich nhdm gidp cho
gido vién va sinh vién d& doc va nim bit dugc van dé mot cach d& dang. Nhin
chung, cac chuong dudc thiét ké tii phan dinh tinh, mé t4 bao gdm nguyén li va cdc
tinh chét nhiét dong dén phan dinh lugng bao gdm cac phuong phap ngin can va
cac phuong phap kiém tra. Dic biét, phin cudi cung dé cap dén mot sé ting dung
mang tinh thuc té cao. That vdy, gido trinh nay c6 thé cung cip thong tin cho ban
doc mot s kién thiic mong mudn.

Mot sb kién thiic vé dién hoa da dugc trinh bay kha chi tiét trong cac
chuong 2, chuong 3 va chuong 4, nhdm giip cho sinh vién c¢6 mét cong cu dé
nghién ctiu vé nhiing van dé phan tich va bao vé kim loai khdi dn mon. Chuong 5
dé cap dén van dé thu dong hod kim loai va cic phuong phap dién hod chdong dn
mon. Chuong 1 gi6i thidu tdng quan vé cac dang dn mon thudng gip trong thuc té.
Hai chuong cudi dé cap dén cac nhan té anh hudng dén tdc do dn mon va mot sé
phucng phap ¢ hiéu qua dudc st dung d€ chdng dn mon trong thuc té.

Gido trinh nay khong phai 1a mot cAm nang cho van dé #n mon va chdéng in
mon. Diéu can nhin manh 1a dé cap dén nguyén li va mot s6 phuong phap da dudc
nghién ctiu dé lam gidm tinh An mon cda kim loai trong thuc thé cong nghiép hién
nay. That vay, muc dich cla gido trinh ndy nhim gidi thiéu mot cach khai quat vé
nguyén ly va cach phong chong dn mon kim loai cho cdc sinh vién khong thudc
chuyén nganh dién hod va 3n mon kim loai & cac trudng Dai hoc va Cao déng ky
thuat & cac ndm thd hai va thi ba hodc ¢d thé lam co sé cho cdc ngudi bt dau
nghién ctiu vé nganh khoa hoc nay.

Tac gia xin chan thanh cdm on B6 mon Cong nghé hoa hoc, Khoa Hoa ky
thuat, 1anh dao trusng Pai Hoc Bach Khoa Da Néng cling nhu Dai Hoc Da Ning
da tao moi diéu kién thuan 1gi trong qu4 trinh bién soan va xuat ban gido trinh nay.

Tuy vay, gido trinh nay con rat nhiéu khiém khuyét, rit mong dudc sy gop
y clia cdc doc gia dic biét 1a ctia dong nghiép, sinh vién va cic nha nghién ciju
trong linh viic n mon va chéng #n mon dé gido trinh ngay mot hoan thién hon.

Xin chdn thanh cdm on.

DPa Ndng, ngay 20 thang 06 nam 2003
ThS. LE NGOC TRUNG



CH UbN G1
MO PAU
I/ Tinh hinh in mon va bao vé kim loai ctia thé gigi va Viét Nam.
11/ Pai cuong dn mon:

1. DPinh nghia:

An mon kim loai 1a sy tuy pha huy kim loai do tdc dung hoa hoc va dién hoa
gitia chung vé6i moi truong bén ngoai.

N6i mét cach khac dn mon 1a qua trinh chuyén bién kim loai tii dang nguyén t6
thanh dang hop chit. Su dn mon thudng bit diu xdy ra trén bé mit kim loai, rdi
qua trinh phét trién vao sau kém theo su bién ddi thanh phn va tinh chét hod li cta
kim loai va hgp kim. Kim loai c6 thé hoa tan mét phan hay toan bo tao ra cac san
pham #n mon dudi dang két tia trén bé mat kim loai (I6p gi, oxyt, hydrat, ...)

2. Phan loai

2.1. Theo co cdu ciia qua trinh fin mon

- Anmon hod hoc

- Anmon dién hoa

2.2. Theo di¢u kién ciia qua trinh in mon

- An mon khi

- An mon khi quyén

- An mon trong chit dién giai

- An mon trong dét

- An mon do dong dién ngoai

- An mon do tiép xic

- An mon do ting suét

- Anmon do vi sinh vat

2.3. Theo dic trung cia dang in mon (Hinh 1.1)
- An mon déu (thép cacbon trong dung dich axit sunphuaric)

........................................

...........

- An mon chon lya, ttic chi mét pha bi pha huy (gang trong axit)



- An mon vét, tao thanh nhiing vét dai trén bé mit (ddng thau trong nudc
bién)

- An mon hé (3n mon trong dat)

LA

- An mon diém, dudng kinh tii 0.1 + 2 mm (thép khéng gi trong nudc bién)

I T]

- An mon dudi bé mit

- An mon nut, do tac dong dong thsi gilia &n mon va co hoc (4n mon canh

tudc bin)




CHUONG 2
AN MON PIEN HOA

I/ Khai niém
1.1. Giéi thiéu:

Khi nghién ctu su lam viéc cda pin Cu-Zn trong dung dich dién gidi nao do
ta thiy phia Zn mon dan do hién tudng hoa tan. Nhu vy Zn déng vai trd anod
trong pin Cu-Zn. Céc phan ting dién cuc xdy ra nhu sau:

Cu” () + Zn(r) < Cu(r)+ Zn** (1)

Zn| ZnSO, ] CuSO, | Cu (r)
Qua trinh anod  Cau ndi Qua trinh catod
Zn(r)| Zn?(1) ] Cu*(1)| Cu (v)

Trong thuc t& qu4 trinh n mon xay ra trén cung mot kim loai, nghia 1a trén
d6 dong thoi x4y ra qua trinh anod va catod, dua dén sy pha huy kim loai.
K

A __ 3 K AQA

Hinh 2.1.

1.2. Phan ung dién hoa:

Ky thuat dién hod dudc st dung rong rai trong ki thuat va ddi séng. Tuy
nhién, trong dn mon va trong nganh ma dién van dé can quan tdm dé 1a dic tinh
cla bé mit phan pha gitfa kim loai-dung dich: vi dy, téc do phan ting tai bé mit,
tinh chat cua 16p mang trén bé mit hojc hinh dang ctia bé mit. Cong cu dé khéo
sat va nghién ciu céac tinh cht trén 1a thé va dong. Tu hai thong s6 nay chung ta
c6 thé suy luan moi thi c6 thé x4y ra trén bé mit phan pha. Khi chung ta nhing
mot thanh kim loai vao dung dich dién i, thi kim loai ¢6 khuynh hudng phan tng
v6i dung dich dién 1i d6: kim loai ¢6 thé hoa tan d€ tao thanh cation hodc cac
cation trong dung dich ¢4 thé két tia thanh kim loai:

Vi du: Fe — Fe™ +2e

Hodac Fe* +2e— Fe

Két qua clia nhiing phan ting nay 1a kim loai ¢ khuynh hudng tich tu dién
tich 4m hoidc duong. Su tich tu nhiing dién tich nay sé lam thay déi dién thé cia



kim loai va dién thé sé dat dén gia tri khi tdc do clia hai phan ting dat can bing.
Dién thé nay goi 1a dién thé can bing.

Mot diéu quan trong, khi cho mot manh kim loai vao dung dich dién 1i &
dién thé can bang cla nd, diéu nay khong cd nghia 1a tdc do hoa tan kim loai va
phan ting két tia kim loai la bing khong. Phan ting dién hoa luon luén 1a mot qua
trinh chuyén dién tich, ching ta ¢é thé dinh nghia tdc do cta cac phan ting nay
béng mdt dg dong. Khi téc dd phan ting hoa tan kim loai bing tdc do phan ting két
tia kim loai thi chung ta ¢6 thé dinh nghia téc do cia cac phan tng nay bing mdt
do dong trao doi.

Trong #n mon kim loai cd hai phan ting quan trong khac la phan tng khti
oxy hoa tan d€ tao thanh ion hydroxyl va phan ting khii ion hydro hodc phan i
nudc dé tao thanh khi hydro:

0, +2H,0+4e - 40H"
2H" +2e—>H,
2H,0+2e —> H, +20H"

Su can bang gitia mot hodc nhiéu phin tng catod vdi phin tng anod hoa
tan kim loai thi ta xac dinh dudc mdt do dong dn mon. Mot trong nhiing uing dung
phuong phap dién hoa dé nghién ciu dn mon 1a xac dinh do 16n clia mat do dong
4n mon va co ché cia qua trinh dn mon.

1.3. Dinh luat Faraday:

Cac phan tng dién hoa hodc san xuét ra electron hodc tiéu thu electron.
Dong electron dugc do bing dong I (A). Theo dinh luat Faraday ti 1& gitia khéi
lugng chat phan ting m, véi dong I, dudc xac dinh nhu sau:

Ita
=— 1
= (D

F: hing s6 Faraday (=96500 coulomb)
n: s6 electron trao doi

m

a: khéi lugng nguyén ti
t: thoi gian
Chia phuong trinh (1) cho thdi gian t va dién tich bé mit A, ta xac dinh
dudc téc do an mon r:
m a

== 2
g tA nF 2)

i: mat do dong (i = %).



Phuong trinh (2) chi ra tf 1¢ gitfa khéi luong kim loai mét di trén mot don vi
dién tich trong mot don vi thdi gian (vi du: mg/dm?/ngay) va mat do dong I (vi du:
mA/cm?).

11/ Pién thé dién cuc:

2.1. Lép dién tich kép:

Khi cho kim loai tiép xuc vdi chit dién gii thi xy ra su tdc dung gitia kim
loai vdi chat dién giai d6. Trén gidi han phan chia gitia hai pha dién cuc-dung dich
s& xuét hién 16p dién tich kép (chiéu day cua 16p nay <0.1nm) va budc nhay thé
dugc goi 1a dién thé dién cuc. C6 nhiéu i thuyét mo ta cdu tric cla Idp dién tich
kép nay nhu li thuyét ciia Helmholz, Gouy-Chapman va Gouy-Chapman-Stern.

2.2. Nguyén nhan xuit hién Iép dién tich kép:

- Chuyén dién tich tii pha nay sang pha khéac

N

+ 4+ + + + +
+ A+ ++ o+t

Hinh 2.2.
- Hap phu chon loc c4c anion hay cdc phan tif ludng cuc trong dung dich

ofsistels

Hinh 2.3.
- Do hai nguyén nhan trén

+ 4+ + + +

G (BT

Qoogo

Hinh 2.4.



2.3. Cac loai dién cuc so sanh:

- Dién cuc chuan hydro (Standard Hydrogen Electrode: SHE)

Hay con dudc goi Normal Hydrogen Electrode: NHE

- bién cuc Calomel bao hoa (Saturated Calomel Electrode: SCE)

- Dién cyc bac-clorua bac (Silver-Silver Chloride Electrode: Ag/AgCl)
111/ Phuong trinh dong hoc co ban cia qua trinh dién cuc:

3.1. Ning lugng hoat hoa tu do:

Xét mot dién cuc kim loai-ion kim loai nghia la dién cuc kim loai nhung
vao dung dich chi chiia ion kim loai d6. Trong trudng hop nay chat khi (RED) la
nhiing nguyén tf kim loai trén bé mit dién cuc, con chat oxy hoa (OX) la cdc ion
kim loai trong dung dich:

Qua trinh oxy hoa: RED < OX +ne (mét dién tif)
Qua4 trinh khti: OX +ne <> RED  (nhan dién tt)
Vi du: Ago Ag +e
Kim loai Ldp dién tich kép  Chit dién li

G

(ndng lugng tu do) I
ion k.1. trong mang tinh thé ion k.1. bi hydrat hoa trong dung dich
AG \ AG
Hinh 2.5

vOi AG = —nFE

3.2. Qua trinh phén cuc hoat ho4 ¢ trang thdi cAn bing:
Ning luong hoat dién hod hoc ddi véi qué trinh chuyén dién tich (ki hidu
AG") clia mot phan ting dién cuc dudc xac dinh bing tong cia:
- Ning lugng hoat hod hod hoc (AG.) déi véi phin tng catod:
OX +ne - RED
ho#c ning lugng hoat hod hod hoc (AG, ) déi véi phan ting anod:
RED — OX +ne
- Hiéu tng dién trudng trong 16p kép, yéu t6 nay sé lam ting hay gidm ning
luigng hoat hoa dé vuct qua hang rao thé ning va né bing mét dai luong anFAE.



a: hé sé chuyén dién tich, dudc dua ra dé don gian viéc tinh toan anh hudng
cua dién truong déi véi hang rao thé ning (tu phia kim loai 1a o, con vé phia dung
dich 1a (1-a). Théng thudng nhting phuong trinh dude dung trong dong hoc dn
mon thi o = 0.5).

Nhu vay: AG. = AG, —anFAE (1)

va AG. = AG, +(1-a)nFAE )
Kim loai  Ldp dién tich kép Chit dién li

G
(ndng lugng tu do) I

i anFAE ' AG’
(1—)nFAER. /

Hinh 2.6
Tdc do phan tng dién cuc hoan toan phu thudc vao tan sb giao dong cta
cac ion c6 thé vugt qua hang rao thé ning gitia hai pha dién cuc-dung dich dé hoan
thanh phan dng chuyén dién tich.
Dua vao phuong trinh Gibbs va dinh luat Faraday ta co:
* P6i véi phan ting RED — OX + ne (phan ting anod hay qué trinh oxy
hoa)

. AG[I
i, =nFf,Cpyp exp[— o7 ] 3)

* P6i v6i phan ting OX + ne — RED (phan ting catod hay qua trinh khi)

£

G
(~i.) = nFf.Coy expl— ARTC] @)

Thay gia tri (1) va (2) vao (3) va (4) ta co:




(AG, —anFAE)

i, = anaCRED exp[— RT ] (5)
, AG. +(1-a)nFAE
(ci,) = nEf.C oy exp{— 20 FAZMPAEL,
RT
. : onFAE
hay i, =nFf,Cppexpl ] (7)
RT
. , 1—a)nFAE
(—i,) = nEf, Coy exp{— LML, (8)
RT
e AGS AG’
Véi 1 = _ - =
1 f, = f,exp( 2T ) va f, = f.exp( 27 )
O trang thdi can bing dong: RED = OX + ne
Ta co: (i) =), =1,
Nhu vay, ta co:
, anFAE® , 1—a)nFAE
NFF,.C oy eXpl ] = nFf.C,, exp{— %} 9)
exp("E apy = LeCor. (10)
RT faCRED
EAE"[’ =lnL",+lnCi (11)
RT fa C‘RED
AE =£lnf" Jrﬂlnci (12)

nF f., nF  Cyp
Phuong trinh (12) c6 thé viét dudi dang dién thé dién cuc, trong d6 E khac
vii AE mot dai lugng y nao do:

E = pE? + =Rl Te 4y BT Cor. (13)
nF f, nf Crep

Cox,> Crep: NONng do chét oxy hod va chat khi tai dién cuc & trang thai can bing.
O diéu kién chuan: C,, = C,,, =1mol/I
= E? = E° (dién thé dién cuc chudn)
C
=  pr=p g Cor (14)

nk RED
Day chinh la phuong trinh NERNST
3.3. Qua trinh phén cuc hoat ho4 ¢ trang thdi khong cin bing:
Khi can béng thi téc do anod béng tdc d catod. Khi can bing dién hod bi
pha v4 bing cach lam thay d6i ning lugng tu do cla céc chit phan ting dén mot



gid tri khdc, nghia la 1am cho AE # AE® thi Iic d6 mot dong dién anod hay catod
s& dugc sinh ra do anh hudng cta sy di chuyén khéi gia tri AE® téi ning luong
hoat hod cia phan ung catod hay anod. Trong triéng hop nay ta co:
onFAE

RT

(-i.) =Y, Cooxpl= L= 2EE (16)

Crp>Coy  1a ndng do chat khii va chit oxy hod tai bé mit dién cuyc & trang

] (15)

i, = anc;C;iED exp[

thdi khong can bing
Phuong trinh (15) va (16) c6 thé viét lai nhu sau:

anF (AE — AE")
RT

C,

. RED

i, =iy 22 exp|
RED

] (17)

! _ _ cb
iy =i o gypq U= @NF(AE—AE®)
Coy RT
Lic ndy C,,,,C,, : 12 nong do chat khii va chit oxy hoa & trong dung dich.
V6i AE - AE® = E - E®* = 1 thi ldc nay mat d6 dong dién tong i, & dién

cuc sé la: i

] (18)

=i +1i

total — ‘a ¢

Hay s = iy 2 exp[ 1) S gy (=T
RED RT COX RT
Phuong trinh (19) 1a phuong trinh co ban trong dong hoc cac qud trinh dién
cuic, n6 cho biét mdi quan hé gitia tdc do phan ting i vdi 1, Creps Coxs 1o, O
Néu nhu qué trinh khuyéch tan nhanh thi nong do cdc cdu tli phan ung tai
bé mit dién cuc va trong thé tich dung dich s& nhu nhau, ¢ nghia la:

1} (19)

CRED = CRED va COX = COX

Nhu vay phuong trinh (19) s€ trd thanh:

itotal = iO {exp[

anF'n. _(-ao)nfFn
Y (20)

Phuong trinh nay dudc goi la phucong trinh BUTLER-VOLMER. Day la
phuong trinh c6 ban cho tét ca cac qua trinh dong hoc ctia phan ung dién hoa.
IV/ Déng hoc ciia cac qua trinh dién cuc:

4.1. Phan ting dién cuc bi khdng ché béi giai doan chuyén dién tich:




Nhu da trinh bay, néu qué trinh khuyéch tan nhanh thi ndng do cia cac ciu
tti phan ting xem nhu bé qua. Luc do, téc do clia qud trinh anod va catod nhu sau
va dudc thé hién bing 2 nhanh trén d6 thi i- n (Hinh 2.7.)

anF'n

o 21
i, =i exp 1)

L (1-a)nFn
i = = A 22
i =iy expl= ] 22)

An
=i, +i,> 0
....... ia
1
=1, +1,<0
Hinh 2.7

* Qua thé 16n (trén dd thi néu qua thé duong 16n thi phan ting catod riéng
phan ¢ thé bé qua va néu qua thé 4m 16n thi phan dng anod riéng phan c6 thé bd
qua). Luc nay ta co:

logi, =logi, + —*—— >50mV 22
Ogla OgIO 2303RT77¢1 (n ) ( )
. . (I—-a )nF
1 =1 ———<—7n. (M>-50mV 23
ogi, =logi, -—— 1. (n ) (23)
Hay: 7, :_2.303RT logi, + 2.3O3RT10gl,a 24)
a F a F
7. = 2.303RT logi, — 2.303RT logi, 25)
(1-a,)nF (1-a, )nF
Dang tong quét:
n=a+blogi (26)

Phuiong trinh (26) goi 1a phuong trinh Tafel (Hinh 2.8). D6 déc clia dudng
thing n(logi) dudc goi 1a do déc Tafel, duge dung dé x4c dinh céc thong sé dong

4 \ I\? ‘A 14 °
hoc cua qud trinh chuyén dién tich i, o.



Vi b, = 2.303RT vib =— 2.303RT
a nkl (l-a, )nF

Na

> logi
Hinh 2.8
* Qua thé nhg, va gia si riing o,= a= 0.5
, nkF
Ta co: =i, — 27
1=1 RT n (27)
Do d6, ta ¢6 dién tré phan cuc R,:
n RT
R =2L— 28
P nFi, @8)
Thay béng gi4 tri ctia d6 ddc Tafel ta co:
b.b, (29)

" T 2303(b, + )R,

Phuong trinh (29) dugc goi la phuong trinh Stern-Geary.
Chi y: gia tri b, § trén dugc 14y gia tri duong dé cho téng quat hod. Thuc ra b,
mang gia tri am, va do dé phan bi chia trong phuong trinh Stern-Geary phai la
2.303(b, bR,

4.2. Phan ing dién cuc bi khong ché béi khuyéch tin:

Téc do phan ting dién cuc cling ¢ thé bi khdng ché bdi su van chuyén clia
céc cAu tli phan tng dén va di khéi bé mit dién cuc. Su chuyén van nay c6 thé do:

- Su dién di (do gradient dién thé gay ra): c6 thé loai tr.

- Su khuyéch tan (do gradient ndong do gay ra)

- Su dbi luu (do gradient tdc do gay ra)

Gia su xét mot phan ung dién cuc trén do xay ra qud trinh khu:

2H" + 2e — H,
St dung mo hinh NERNST (Hinh 2.9.):



5 khoang cdch x
Hinh 2.9.
Cf,z : ndng do ion H' trong dung dich
Cp,: nong do ion H trén bé mat dién cuc
5 :chiéu day 16p khuyéch tan
S dung mo hinh Nernst, cdc dinh luat Fick, va dinh luat Faraday ta c6:
2.303RT i
 =—log(1-—+
1, F g( P )
4.3. Su' phan cuc lién hgp:
Téng qua trinh phan cuc catod (ki hiéu Nre) la tong clia qua trinh phén cuc
hoat hod va phan cuc néng do:
77T,c = nact,c + 77conc

2.303RT ) 2.303RT ) .

e nact c = 1OgZO - log lc = bc log_

VOl © (l-a )nF (1-a, )nF i
 2303RT

i
=—log(l-—
nconc nF g( l.L )

77T,c = bc logL

)

b 2'303RT10g(l—l.—")
nkF i

Con dbi phan ung anod hoa tan kim loai thi phan cuc néng d6 xem nhu
khong dang ké (c6 thé bé qua). Do dé:

n, =b, logl.i

Iy




Uy nhanh anod (chuyén dién tich khéng ché)

v

nhanh catod
(chuyén dién tich Khong ché)

nhanh/catod
(khuyéch tan khéng ché)
Hinh 2.10.



~ CHUONG 3
LY THUYET AN MON HON HOP

I/ Co ciu in mon dién hoa:
Kim logi Chit di¢n li

Vung anod
oG
Vung catod
- () (O

Hinh 3.1.
Gom 3 qud trinh:
1. Qua trinh anod: ne < Me —222 5 Me™.mH,O
2. Qua trinh chuyén dién tif thwa:
3. Qua trinh catod: D +ne — [D.ne]

II/ Pi¢u kién nhiét dong ciia su in mon:
Diéu kién dé hé nhan cd thé trao ddi dién tli v6i hé cho khi:
EY > ED
ES : dién thé can bing clia hé nhan
E: dién thé can bing clia hé cho (kim loai)
Vi du: cho thanh sit nhing trong dung dich acid véi pH = 1,
C ., =10"mol/l, PH2 =latm

Fe

H¢ cho: Fe—>Fe +2e
RT
chb 0
EFez* IFe EFe2+ jre T n_F In CFez*
ch _ -6 __
E®,  =-0.44+0.03logl0™ = -0.62V
H¢ nhdn: 2H" +2e——H,
chb
Ey. . =—0.059pH
E? =-0.06V

H*/H,



Vay ES > E, nén sit bi in mon va c¢d khi hydro thoat ra.
11/ An mon véi su’ khii phin cuc hydro va oxy:

3.1. An mon véi sy khit phan cuc hydro:

3.1.1. Piéu kién nhiét dong:

Nhiing qua trinh 4n mon kim loai ma chat khii phan cuc 1a ion H" va san
pham thoat ra & catod 1a H, , thi dudc goi 1a #n mon kim loai véi sy khi phan cuc
hydro: H+.H2O+e—>H+H20—>%H2+HZO

Diéu kién co ban:  Ej; > E;7

3.1.2. Qua trinh dién cuc:

Gom 6 giai doan:

1/ Céc ion H+ bi hydrat hod tao thanh cdc ion hydroxon va khuyéch tan dén
bé mit catod.

2/ Phéng dién ctia ion hydroxon tao thanh ion hap thu:

H*H,0+e—H, +H,0

3/ Mot phan nguyén tii hydro tao thanh hoa tan vao kim loai

4/ Két hop cdc nguyén ti hap phu: H, +H, = H, hay khi hap phy dién
hoa: H, +H"H,O+e—H,+H,0

5/ Khuyéch tan cac phan ti H, vao dung dich sau dé khuyéch tan vao
khong khi.

6/ Céc phan ti H, trén bé mit catod tdp hop lai thanh bot khi va thoat ra
khoi bé mit kim loai:

H,+H,+H,+H,+H,+H,+...=nH,



Kim loai Khong khi

6 5
Dung dich
4
3<T
2
1
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P
Hinh 3.2.

3.1.3. Pic diém cia sy’ khii phan cuc hydro:
An mon vdi su khi phan cuc hydro cé kém theo su khii phan cuc oxy.
Su khti phan cuc hydro phu thudc nhiéu vao pH.
Su khti phén cuc hydro phu thudc voa bé mit kim loai, cdc tap chat.
An mon vdi su khi phan cyc hydro ¢é kém theo su don cta thép.

3.2. An mon véi sy khif phin cuc oxy:

3.2.1. Pi¢u kién nhiét dong:

Nhiing qu4 trinh &n mon kim loai ma chét khi phan cuc 1a oxy hoa tan

trong dung dich theo phan \ing sau, goi 1a 4n mon kim loai vdi sy khii phan cuc

OXY:

buc.

0,+2H,0+4e > 40H"

Diéu kién ¢6 ban: E? > E?
> 0, M

3.1.2. Qua trinh dién cuic:

Gom 6 giai doan:
1/ Oxy trong khong khi khuyéch tan vao dung dich qua bé mit K-L
2/ Oxy hoa tan vao dung dich nhd chuyén dong déi luu tu nhién hay cudng

3/ Chuyén oxy qua IGp Pran.

4/ Chuyén oxy qua 16p khuyéch tén 8.

5/ Ion hoa oxy

* Trong mdi trudng trung tinh-kiém:

0,+2H,0+4e > 40H"



* Trong moi trudng acid:
O,+4H" +4e—2H,0
6/ Khuyéch tan ion OH ra dung dich.

Kim loai Khong khi 0,
1
6
Dung dich
2
5

4 3
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P
Hinh 3.3.

IV/ Ly thuyét dién thé hdn hop:

An mon kim loai trong dung dich "nudc" 1a két qua cia 2 hay nhiéu phan
ting dién cuc xay ra trén bé mit kim loai, trong dé c6 mét phan ting anod (oxy hod
kim loai thanh ion ctia né thanh dang oxyt hay hydroxyt), dong thdi cling xay ra
mot hodic nhiéu phan ting catod (khii cac ciu tif oxy hod cd mit trong dung dich).

Ly thuyét hon hop dudc dé cap trong phan nay déi vdi qua trinh #n mon
kim loai trong méi trudng acid, trung tinh hay kiém yéu. Céc vi du sau sé cho thay
tdc do dn mon dudc quyét dinh béi téc do cia giai doan cham nhat trong qua trinh
chuyén dién tich hoidc qua trinh khuyéch tdn cia phan ting anod hay catod.

Vi du: Nhing mot thanh sét sach vao dung dich acid (pH < 2)

Trong hé nay ¢ 5 phan ung dién cuc dudc xét dén:

i

a,Fe

Fe > Fe*+2e (1)
ic,Fe
ic,H+
2H" +2¢e <——_—* H, (2) (ddacid)

1a,H-%—



2H,0 + 2e

0, + 4H" + 4e

0, + 2H,0 + 4e

L. H20

—_—
-

L, H20

Loz

—_—
«——

Loz

Loz

—
-

Loz

H,+20H (2a) (dd trung tinh-kiém)

2H,0 (3)  (dd acid)

40H (3a) (dd trung tinh-kiém)

Theo quan diém nhiét dong hoc thi phan tng (2) va (2a); (3) va (3a) la nhu
nhau, ching c6 cung dién thé dién cuc can bing.

Gia sti ring dung dich da dudi hét khi d€ loai trii kha ning phan tng (3) va
(3a) x4y ra. Ngoai ra phan ung (2a) c6 mat do dong trao d6i thap. Vi vay, phan
ting khii nuide kho c6 thé xay ra. Nhu vay, trong hé st - acid & trang thai 6n dinh
ta c6 sit bi hoa tan va khi H, thoat ra:

O"g anod:
Fe

6’ catod:

2H" + 2e

la,Fe
e EE——
—
1

c,Fe

1c,l—H

—
4—

1a,l—H

Fe?" + 2e

H,

Hai phan ting nay x4y ra dong thdi trén cing mot bé mit. Mdi phan ting ¢é
dién thé dién cuc va mat do dong trao doi riéng (Hinh 3.4.).



E(V)

H, >2H" +2e
0.1- io,m
ch

EH*/HZO'O
H"+2e—>H,
N e — Fe™ +2e

ch
EFe2+/Fe
L fr—

Fe* +2e — Fe

logi
Hinh 3.4.

Hai dién thé dién cyc £, va EC..  cung ton tai trén cing mot bé mat

H'/H, e** | Fe
va ca hai phai phan cuc dén mot gid tri dién thé trung gian chung E_,., goi la dién

thé an mon. E,, dudc coi nhu mot dién thé hdn hop vi né 1a dién thé dién cuc lién

corr

két clia hai dién cuc riéng phan clia phan ting (1) va (2). Tai £, tdc do cia phin

ting anod (1) can bing vdi téc dd phan ting catod (2). Vay téc d6 hoa tan anod i,

xem nhu téc do anmon i, : —i, =i, =i, (Hinh3.5.)



A io,H*
ch
EH /H,
H"+2e—>H,
EM = Ecnrr icnrr
N Fe — Fe* +2e
ch
EFe“/Fe
logi
Hinh 3.5
A . . . opnk .
Vay lsorr = (la,Fe )corr = lO,Fe exp[F— (Ecorr - EFZ )]
RT
\ . . . (1 - aH+ )n ch
Va lcorr = (_lc,H+ )corr = lO,H+ exp[_T( corr E )]
Phuong trinh dudng cong phan cuc téng (Hinh 3.5.) clia phan ting n mon:
itotal = ia,Fe + iC,H‘f
Trong do:
ia,Fe = iO,Fe eXp[ R (E Ecorr ) + (Ecorr ECb )]
. Fe F ch
la,Fe 10 Fe eXp[ (E Ecorr )] X eXp[ ( corr E )]
R RT
. A
i = ex . E-F
a,Fe corr p[ RT ( corr )]
, (I-a,. nF
Tuong ty ta co: —i . =i, exp[-————(E-E_,.)]
e RT
E-E,, :lagia tri phan cuc cua dién cuc bi &n mon. Ki hiéu .
a, nk (l-a, . )nF
Va i =i [exp——nrx—exp{-——2L"—nr
y total cmr[ p RT p{ RT }]
* 1 I¢m: tuong tu nhu chuong 2, ta ¢é phuong trinh Tafel dang tong quat
n=a+ Plogi
Véi B, - 2.303RT vi B = 2.303RT
a nkF (1-a,)nF

* 1 bé: tuong tu nhu chuong 2, ta co:



. nF
:lcarr_ﬂ-
RT
_RT i
nF i

corr

hay r

Goi R, la dién trd phan cyc, ta c6:

dr RT
R =(—) ,=—-
»=( di Jra nFi
Thay béng gi4 tri cia d6 ddc Tafel ta co:
ﬁa ﬁﬁ‘

l' —
T 2.303(8, + PR,

AE(V)

HY/H

.ECb

2H* +2e > H, .~

Fe — Fe’ +2e

: Fcb

Fe" [Fe

Hinh 3.6.

v



lo,H+¢

cb
E H'/H,
H"+2e—H,
ECOW lcorr
. 2+
Ly e ) e Fe — Fe™ +2e
ch
E'Feer / Fe
Hinh 3.7.
"Té\ 0 ——H->1DM)
E{_O | ——H->RN
) su(ic)
02 o NN+
0 —¥—M>NMmt+
- —8— sum(ia)
-04
05
0.6
-0.7
-0.8
-09
1 (=10 mAenD)

8 7 6 5 4 3 2 -1 0 1 2 3 4 5 6

Hinh 3.8.

logi



_ CHUONG 4
GIAN PO PIEN THE-pH (POURBAIX)

I/ Gii thiéu:

An mon kim loai trong dung dich "nudc" 1a két qua clia phan ting anod oxy
hod kim loai cuing vdi mét hodc nhiéu phin tng catod khii ion hydro hogic nudc,
hodc oxy hoa tan. Viéc xay ra cac phan tng riéng phan nay phu thudc vao dién thé

can bang cua anod va catod riéng phan dé: £, E< i, VA EQ o -
Theo phuong trinh NERNST 6 25°C:

Ey.,, =-0.059pH -0.030log P, (1)

Eg o =Ep 10 —0.059pH +0.015l0g P, ()

C4 hai phuong trinh trén déu phu thudc vao pH va ap sudt riéng phan cta
khi tuong ting.

Mit khdc phdn ting anod riéng phan ciing phu thudc vao pH:

Me +OH T——" Me(OH), +2e

Dé d& dang khap sat méi quan hé gitia E-pH ta ¢ thé vé gian dd E-pH goi
1a 1a gian d6 POURBAIX.

Trén gidn 46 POURBAIX c¢6 3 vung:

1/ Khi kim loai & trang thai 6n dinh vé& mit nhiét dong, Itic nay ta néi ring
kim loai s€ khong bi an mon.

2/ Khi tao thanh cac san pham #n mon ¢d khid ning hoa tan, ta ndi ring kim
loai & trang théi hoat dong va téc do 4n mon sé ting manh.

3/ Khi tao thanh cac sin phdm in mon khong bi hoa tan, ta ndi ring kim
loai & trang théi thu dong va tdc do dn mon sé xay ra cham.

II/ Gian d6 E-pH ciia nuée sach & 25°C:

Trong nudc sach khi tiép xuic vdi khong khi, ngoai cac phan ti H,O ra con
c6 mot lugng rat nhd ion H* va OH', ciing vdi khi hoa tan ma quan trong 1a 1 khi
0,.

* DOi v6i phdn ting: 2H +2e ———* H,

Phén ting trén cling ¢ thé viét lai dudi dang sau (trong mdi trudng trung tinh hay
kiém)
2H,0 +2¢ .———> H, + 20H
(EEIZO/H2 =-0.83V)

0 P, =lat theo phuong trinh NERNST ta cd: E. u, =—0.059pH (duong a)



* Poi vdi phan ing: O, + 4H" + 4e pu—) s K0
(Eg, o =+1.237V)
Phén ting trén cling ¢ thé viét lai dudi dang sau (trong méi trudng trung tinh hay
kiém)

0,+2H,0+4¢ <«— 40H
(E) - =+0411V)
0 P, =lat theo phuong trinh NERNST ta c6: E;’ =1.23-0.059pH (dudng b)
* P6i vdi phan ting: H"+OH —» H,0

Véi C,. *C, =14 hay pOH + pH =14

GIAN PO E-pH CUA H20

N E(V)

1.5 4 0,+4H +4e =2H,0

H'+ OH=H,0

-1+ 2H"+ 2e=H,
-1.5 A H,
2
2 0 2 4 6 8 10 12 14
pH
Hinh 4.1.

Dudng a va b chia gian d6 thanh 3 ving. Vung trén cung (6 dién thé cao)
nudc ¢4 thé bi oxy hoa tao thanh oxy, vung thip nhét (6 dién thé thip) nudc cd thé
bi khi thanh hydro. Con ving § gitia (ving trung gian) tng vdi trang thai bén cla
nudc.

111/ Gidn db E-pH ciia h¢ Fe-H,0 & 25°C:

Ngoai céc cdu tf di k& dén: H,0, H', OH’, O, va H,, con phai ké dén céc
cau tf khac nhu: Fe, Fe?', Fe**, HFeO, , Fe(OH),, Fe(OH);.

Bang 4.1. chi ra nhiing phin Ung quan trong nhat va cac phuong trinh can
bing & diéu kién:



Coo =C. = CHFQOZ, =10"mol /1,
C,.. x(C,, ) =1.9x107;C, .. x(C )" =7x107"
E.. . =-044VE. . . =+0.77V
Bing 4.1.

Phan ing Phuong trinh duong
H, < 2H" +2e E =-0.059pH a
2H,0 < O, +4H" +4de E =+1.23-0.059pH b
Fe < Fe* +2e E =—-0.44+0.0295log(Fe*") = —0.62 1
Fe’ & Fe' +e E =+0.77 2
Fe’* +2H,0 < Fe(OH), +2H " pH =6.65—-0.5log(Fe**) =9.65 3
Fe™ +3H,0 < Fe(OH), +3H" pH:+1.613_%log(}7€3+):3.61 4
Fe+2H,0 < Fe(OH), +2H" +2e¢ | E=-0.05-0.059pH 5
Fe(OH), + OH™ < Fe(OH), +e E =+0.27-0.059 pH 6
Fe** +3H,0 < Fe(OH), +3H" +e | E=+1.41-0.177pH 7
Fe+2H,0 < HFeO; +3H" +3e E =+0.316-0.0886 pH 8
Fe(OH), < HFeO; + H* pH =183 +1og(HFeO; ) =12.3 9
HFeO; < Fe(OH), +2e E =-0.81-0.059log(HFeO; ) = -0.46 10

Puong 1 duoc tinh bang:

ch _ 0
EFe“/Fe o EFe“/Fe +

Duiong 5 diigc tinh nhu sau:

0.059

log(Fe™) = —0.44—0.059x3 = —0.62V

T phan ung: Fe < Fe™ +2e (1)
Ta ¢c6 phuong trinh: EC,. =El.  + 0.059 log(Fe™)
Vi phan ting: Fe™ +2H,0 < Fe(OH), +2H" (2)
Ta co: Treiom, = (Fe*" )(OH™)?

Cong phan ung (1) va (2) ta cd phuong trinh dudng 5:
Fe+2H,0 < Fe(OH), +2H" +2e

Véi: E;Z(OH)z/Fe = Ege(OH)z/Fe +0.059 10g(H+)
- ch cb
Vi: EFe(OH)Z/Fe = EFeZ*/Fe
, ‘ 0.059 T
. cb _ 0 e(OH), | Fe
Do dO. EFG“/FG - EFeZ*/Fe + lo ( )

2 S oH )




E®, =E + glog(ﬂe(mﬂ2 1 7.)—0.05910g(OH )*

Fe*™ | Fe Fe** | Fe
" . 0.059 .
hay E o =E Tlog(TFe(OH)Z 7)) +0.059%x14 4+ 0.05910g(H ")
A 0.059
Vay: Eg‘e(OH)z IFe = E2e2+ ke T Tlog(TFe(OH)z sre) +0.059%14
Thay s0 vao ta ¢6:  Ep, oy, p == —0.05
Va phuong trinh dudng 5 nhu sau: E =-0.05-0.059 pH
§ Gian d6 E-pH ciia hé Fe-H20

I%H

IV/ Cong dung ciia gian d6 E-pH:
1/ Gian db E-pH cta hé kim logi-nudc c6 3 ving dic trung:

a/ Vung kim loai can béng vdi ion kim loai é néng do < 10°mol/l.
Theo quan diém #n mon ving nay dudc goi 1a ving an toan.

b/ Vung hydroxyt kim loai (hay oxyt kim loai) can bing vdi ion kim
loai c6 nong do < 10°mol/l. Vung nay thudng két tia day dic va dugc goi 1a vang
thu dong.

¢/ Vung kim loai hay hydroxyt kim loai (oxyt kim loai) cAn bang vdi
ion kim loai ¢6 ndng do6 > 10°mol/l. Ving ndy xay ra cdc phan ung dn mon va
dudc goi la ving dn mon.




2/ Trong mot gidi han nao dé, gian d6 POURBAIX dudc dua ra d€ du doan
dn mon. Tuy nhién, trén gian d6 POURBAIX khong cho biét gi vé téc do dn mon
va ban chét bdo vé cta 16p hydroxyt hay oxyt tao thanh trong vung thu dong.

3/ V& nguyén tic cé 3 phuong phap chéng dn mon dude rut ra ti gian do
POURBAIX:

a/ Dién thé dién cuc c6 thé lam Am hon so vdi dién thé dn mon va &
dién thé dé kim loai ndm trong vung an toan. Phuong phap nay goi la bdo vé catod
(phéan cuc catod).

b/ Dién thé dién cuc c¢6 thé lam duong hon so véi dién thé in mon va
§ dién thé d6 kim loai ndm trong vung thu dong. Phuong phdp nay goi 1a bao vé
anod (phan cuc anod).

¢/ C6 thé chuyén pH sang phai d€ cho kim loai roi vao vung thu
dong. Nghia 1a thay d6i méi trudng c6 thé ddn dén ngling dn mon.



CHUONG 5
THU PONG HOA VA PHUONG PHAP BAO VE PIEN HOA

I/ Thu d9ng hoa kim loai:

1.1. Khai niém:

- Trang thai thu dong cta kim loai hay hop kim 1a trang thai ma trén bé mit
clia né hinh thanh mét 16p mang mdng c6 tinh chit bdo vé kim loai hay hgp kim
trong dung dich &n mon. Lép mang nay ¢4 thé day vai A° dén vai trim A° va dudc
hinh thanh do qua trinh oxy hoa.

Vi du: Fe+2H,0 — Fe(OH), +2H" +2e

- Pic trung cho trang thai thu dong 1a khi kim loai bi thu dong thi dién thé
dién cuc clia né chuyén vé phia duong hon (phan cuc anod 16n) va dién tré dn mon
16n, nén tdc do dn mon gidm nhanh.

- Hién tugng thu dong do Lomonoxov tim ra ndm 1738 va sau do dugc
Faraday phét trién thém vao nim 1840, khi 6ng nghién ctiu su &n mon Fe trong
dung dich HNO;.

Téc do an mon (g/m>h)

1000 ¢

500 t

10 20 30 40 50 HNOY(%)
Hinh 5.1.
- C6 hai cach dé€ chuyén kim loai vao trang théi thu dong:
* Phan cuc anod (bang dong ngoai)
* Nhung vao dung dich dién li c6 chia cdu tif thich hop.
1.2.  Dong hoc ciia qua trinh thu dong kim loai:
Gia st ring c6 mot sé kim loai & trong dung dich dién li § mot dién thé du
duong sé xay ra phan ting sau:
xMe+ yH,0 — Me O, +2yH™ +2ye (1)



a/ Phan cuc anod:
Vi du: Fe bi phan cuc anod trong dung dich 0.5M H,SO,, bit diu phan cuc
tui dién thé #n mon E,,.. (Hinh 5.2.)

E(V)
1 2H,0 — O, +4H" +4e

1.25}F

i =7x107%A/m?

pass

1.00

2Fe+3H,0 — Fe,0, +6H" + 6e

+0.5| S~

i, =2x10°A/m?

écit

EP  0.0F 2H' +2e > H, Fes0,
-0.25 '
ES -0.5 [ Foos T T
! ! ! ! —»
-2 0 2 4 logi

Hinh 5.2.
b/ Nhiing kim loai vao chét dién li c¢6 chét oxy hos thich hop:
Muén thu dong mot kim loai Me nao d6 thi dem nhing nd vao trong dung
dich dién li c6 chia céc cdu tli oxy hod clia hé oxy hoa khii (redox) c6 dién thé can
bang E, duong hon E , - Trong tridng hgp ta co mot phan ung da dién cuc vdi

redox

dién thé hdn hop (E, ) dudc xdc dinh bing phan ting anod ctia kim loai hodc oxyt

kim loai v6i phan ing khi clia chat oxy ho4.

Néu toc d¢ cta phén ting khi 6 £, 16n hon toc do phan ting anod (i, ) thi

kim loai sé bi thu dong.

Cac diéu kién dé thu dong kim loai bing hé oxy hoa khii. Hé oxy hoa khi
thich hop cho su thu dong kim loai can ¢ nhiing yéu cau sau:

1/ ES.>Em,. >E, (5a)

puqtd redox



2/ (5b)

>

i

c,redox E crit

Trong thuc té cac hé oxy hoa khii dap vng diéu kién (5a), (5b) c¢d thé dugc
dung nhu mot chit tc ché thu dong trong dung dich #n mon, ching han nhu
Na,CrO,. Mit khac, nhiing kim loai hoan toan bi thu dong c¢6 thé c¢é hién tugng in
mon cuc bd. Hién tuong nay 1a do su phd huy cuc bd mang thu dong ho#ic bing
hod hoc hodc bing co hoc. Vi du nhu su pha huy mang thy dong bing céac yéu té
hoa hoc do anh hudng cua cdc ion halogen dic biét 1a CI', Br, I' ¢d mit trong moi
truong.

EY)

Vung qua thu dong

Ech
puqta

vung thu dong

E:fdux QIT
OX— RED + ne
E, L
E, vung chuyén tiép
vung hoat d¢
Me — Me"" + ne
logipass 10gicrit 1Ogic,redox lOgi

Hinh 5.3.

1.3. Bao vé anod:

Trén ¢o s6 phan tich sy lam viéc cia hé thdng in mon ta ¢ thé két luan
ring nhiéu trudng hop kim loai bi thu dong cé thé nang cao do bén clia né bing
cach chuyén dién thé dién cuc vé phia duong hon. Mudn thuc hién diéu nay ta ndi
kim loai cin bdo vé& véi cuc duong clia ngudn mot chiéu hay ndi kim loai can bao
vé vdi kim loai ¢6 dién thé dién cuc duong hon. Nhung hién nay viéc ung dung
bao vé anod vao thuc té con nhiéu han ché. Phuong phap bao vé anod cht yéu dé
nang cao do bén cua thép cacbon, thép khong gi, hay titan trong mot sé méi trudng
nhu xut dic, axit sunphuaric c6 néng do cao.

Dong bao vé phdi duy tri thudng xuyén khi dong dién chinh bi ngit thi phai
co dong phu.



Muén tién hanh bao vé anod phai tuan theo cdc diéu kién sau day:

- Trong moi trudng doé kim loai phdi c¢d kha ning thu dong khi phan cuc
anod.

- Dong dién bé khi duy tri trang thai thu dong dé dam bdo do bén dn mon
cao, tiéu hao ning lugng it. Tuy nhién lic diu phai cAn mat do dong 16n dé vuot
qua dong gidi han dén vung thy dong cia kim loai.

- Dam bdo cd dong dién thuidng xuyén khi bao vé anod.

- viing dién thé hiéu qua phai ldn.

Tuy nhién viéc bdo vé anod thuong gdp mét sé kho khdn nhu sau:

- Bdo vé anod khong thuc hién dudc ¢ phan kim loai khong tiép xuc vdi
dung dich.

- Dong dién ban dau cho su thu dong anod 16n nén can phdi cé dung cu
khong ché dién thé va duy tri dong dién.

- Rét khd khin bao vé cho cac dudng 6ng dan dai.

- Trong dung dich ¢6 chia céc ion hoat dong nhu CI, thi phai dung 6n ap
dé khdng ché dién thé dién cuc cta kim loai 6 ving thu dong nhung phai dudi dién
thé sn mon 1.

II/ Bio vé dién hoa bing cdch thay ddi dién thé dién cuc:

2.1. Khai niém:

Dua trén db thi dudng cong phan cuc trong diéu kién nao dé ta cd thé
chuyén dién thé dién cuc vé phia ducng hon hay 4m hon so véi dién thé in mon thi
dong dién dn mon c6 thé gidm. Nhu vay, bao vé dién hod la phan cuc hod dién cuc.

a/ Phan cuc anod:

Chuyén dién thé dién cuc vé& phia ducng hon so véi dién thé dn mon cho
dén khi kim loai roi vao trang thai thu dong. Mudn thyc hién diéu nay ta ndi kim
loai can bao vé vdi cuc duong clia ngudn mot chiéu hay ndi kim loai can bdo vé
v6i kim loai c6 dién thé dién cuc duong hon. Trong ca hai trudng hop kim loai can
bao vé dong vai trd 1a anod. Cho nén téc do dn mon chi gidm khi méi trusng dé
kim loai bi thu dong.

b/ Phan cuc catod:

Chuyén dién thé dién cuc vé phia 4m hon so véi dién thé dn mon thi hiu
nhu phén ting hoa tan kim loai ngting hdn. Mudn thuc hién diéu nay ta ni kim loai
can bdo vé vdi cuc am clia ngudn mot chiéu hay ndi kim loai can bdo vé vdi kim
loai ¢6 dién thé dién cyc Am hon. Trong cd hai trudng hgp kim loai can bao vé déu
dong vai tro catod, nén téc do &n mon sé giam.



* Phan cyc catod bing cich ndi kim loai cin bao vé véi cuc am cia ngudn mot
chiéu, dudc goi 13 bdo vé catod dién phin.

* Phan cyc catod bing cach ndi kim loai cin bao vé véi kim loai khac ¢
dién thé dién cuc am hon, dudc goi 1a bdo vé bdng Protector (anod hy sinh).

2.2.  Bio vé bing Protector:

Bdo vé bing Protector c6 thé thic hién bing hai cdch (Hinh 5.4.)

4@@ P

Gian tiép Truc tiép
1. Thiét bi can bio v&; 2. Protector Zn; 3. Chét boc Protector; 4. Dung cu kiém tra
Hinh 5.4.
2.3.  Baio vé catod biang dong dién ngoai:

Bio vé catod bing dong ngoai ¢ thé 13p dit nhu sau (Hinh 5.5.)

(V) ()
N N

1
4

Hinh 55 A
1. Kim loai cdn bdo vé 2. Anod phu 3. Chét boc
4. Ngudn dién mot chiéu 5. Dién cuc so sanh
Anod phu dugc ché tao tif thép phé liéu, ré tién. Tuy nhién thudng st dung
anod phu la dién cuc khong tan.



Mot s6 vat liéu dude dung 1am anod phu nhu sau (Bang 5.1.)

Bang 5.1.
Loai vat liéu Dong cuc dai (A/m?) Dung lugng (kg/A.nam)
Thép phé licu 5 10
Gang 35 0.1
Graphit 20 0.5
Chi (1%Ag; 6%Sb) 150 -
Ti
Ta + Pt 10.000 -
Nb

Tém lai, chon cach bdo vé bang protector hay bang dong ngoai phu thudc
chtl yéu vao cong trinh can dugc bdo vé. Pdi véi cong trinh nhé phuong phap dung
protector kinh té hon. Phuong phap nay ¢6 uu diém 1a dién thé bao vé phan bd déu.

Bdo vé catod bing dong ngoai dudc dung dé bao vé nhiing dién tich 16n,
nhung phuong phap nay cé thé xdy ra nguy co "qua bio vé". Nghia la, dién thé
dién cuc cuc b clia cong trinh trd nén qua am dén ndi tdc do cta phan tng:
2H,0+2e — H, +20H" tré nén dang ké.

Cac phucng phép bdo vé trén thudng dudc dung két hop vdi cac 16p phi
cach dién, nén ving tac dung bao vé clia protector ting 1én rat nhiéu.




'CHUONG 6 -
NHUNG NHAN TO ANH HUONG PEN TOC PO AN MON

1/ Nhiing nhén t6 bén trong:
1.1. Tinh bén nhiét dong ciia kim loai:
Dién thé dién cuc tiéu chuin c6 thé danh gia gin duing tinh bén nhiét dong
clia kim loai. T8¢ do dn mon cling c6 thé tinh theo cong thiic nhu sau:
E® -E®
"R
I phy thudc vao E¢va E, tic phu thudc vao ban chat clia kim loai.

1

Vi du: - Trong mo6i trudng trung tinh Ej;; =—0.41V nhiing kim loai nao cd
dién thé dién cuc 4m hon sé bi hoa tan: Na, K, Zn, Al, Fe ...Nhiing kim loai nao c6
dién thé duong hon khong thé hoa tan: Cu, Ag, Au, Hg, ...

- Trong moéi truong axit E;; ~ 0 nhiing kim loai nao c6 dién thé dién
cuc am hon sé bi hoa tan: Zn, Al, Fe, Pb ... Nhiing kim loai nao c6 dién thé duong
hon khong thé hoa tan: Cu, Ag, Au, Hg, ... nhung khi trong dung dich c¢6 oxy hoa
tan thi Cu, Hg, Ag lai bi #n mon do su khti phan cuc oxy.

2.2. Vi tri ciia kim loai trong bang hé thong tuin hoan:

Khong phan 4nh ro nét tinh bén chung ctia kim loai vi né con phu thudc vao
tinh chét bén trong va bén ngoai nifa. N6 chi phan anh mot s tinh chét ¢ tinh qui
luat ma thoi.

Vi du: - D6 bén nhiét dong clia kim loai ting ti trén xudng dbi véi cac
nhom IB, IIB, VIIIB.

- Nhiing kim loai dé bi thy dong 1a nhiing kim loai thuéc nhém IVB,
VIB, VIIIB.

II/ Nhiing nhén t5 bén ngoai:

2.1.  Anh huéng cia pH:

a/Anh huéng truc tiép: dé 12 dnh hudng do céc phan dng khi phan
cuc hydro va oxy. Khi thay doi pH mot gid tri don vi thi dién thé sé thay doi
0.059V.

b/ Anh huéng gidn tiép: thay d6i pH c¢6 thé hoa tan san phim in
mon hay tao thanh mang bdo vé trén bé mit dién cuc.

Ngudi ta chia thanh 3 nhom (Hinh 6.1)



L

1 pH 2 pH 3 pH
Hinh 6.1.

* Nhiing kim loai ma mang oxyt clia né hoa tan trong axit va trong kiém:
Al, Zn, Sn, Pb. Trong moi trudng axit nd tao thanh céc ion kim loai AI’*, Zn*,
Sn?*, Sn*', ...Trong méi trudng kiém tao thanh phic chat ZnO,>, AlO,, ...(dang 1).

* Nhiing kim loai ma mang oxyt cia nd hoa tan trong axit ma khong bi hoa
tan trong kiém (do tao thanh c4c oxyt khé tan): Ni, Co, Cu, Cr, Mn, Fe (dang 2).

* Nhiing kim loai ma mang oxyt ca né khong hoa tan trong axit va trong
kiém. Téc do dn mon khong phu thudc vao pH: Pt, Ay, Ti, ... (dang 3).

D6i véi mbi kim loai § d6 pH khdc nhau c6 toc do &n mon khac nhau.

Bang 6.1.
Kim loai Al Pb Sn /n Fe
Do pH dé ¢6 tdc do dn mon cuc tiéu 6.6 8 85 | 115 | 14

2.2.  Anh huéng ciia thanh phin va ndng d6 ciia dung dich mudi:

Tdc d6 dn mon dién hod phu thudc vao ban chét clia dung dich mudi hoa
tan va noéng do cta né trong dung dich.

- Muéi ¢6 tinh oxy hod lam cham tc do &n mon, cd khi ngin cin hoan toan
qua trinh &n mon do kim loai bi thy dong: KCI10;, K,CrO,, KNO,, .. Ngudc lai néu
mudi c6 tinh oxy hoa 1a chit khni phan cuc thi s& lam ting téc do dn mon: S,047 ...

- Nhiing muéi c¢6 tinh axit hay bazo khi ting néng do cia nd thi pH ting
nén c6 anh hudng nhu pH: Na,CO,, AICL, ...Tuy nhién, cling c6 nhiing loai mudi
axit khi tac dung vdi kim loai tao thanh mudi khong tan trén anod hay catod s& lam
giam téc do dn mon: MeH,PO,, Me(HPO,),, ...

- Téc d6 an mon con phu thudc vao ban chat, ndng do cla cation va anion
clia mudi hoa tan. Néu cdc anion clia mudi cé kha ning hap phu trén bé mit kim
loai lam thay déi co ciu I6p dién tich kép, lam gidm dién thé dién cuc cta kim loai



1am cho tc do dn mon gidm. Nhung néu anion c6 hoat tinh 16n sé pha vé mang
thu dong nén téc do dn mon ting.

K(mm/nam) K(mm/nam)
A KF A

KCl > ~_Kal
. MNaCl

KBr
K1 /\,__U_C_\

» »
» »

t.gian nong do
Hinh 6.2. Téc dé dan mon phu thudc vao Hinh 6.3. Toc dé an mon phu thudc
Dang anion co trong dung dich vao dang cation va nong dé ciia mudi

2.3.  Anh hudng ciia ndng d¢ oxy:
An mon kim loai trong da s cdc trudng hdp do su khif phan cuc cta oxy,
cho nén tdc do dn mon phu thudc vao tdc do hoa tan ctia oxy.
K A

»
»

6 12 18 24 cm?/1
Hinh 6.4.
2.4.  Anh hudng cia nhiét do:
Nhiét do anh hudng 16n dén tdc do dn mon. Trong dung dich dién li téc do
an mon tang khi tdng nhiét do.
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Hinh 6.5. T

2.5.  Anh huéng ciia téc do chuyén dong dung dich:

Trong cong nghiép hod chat c6 rat nhiéu thiét bi lam viéc trong méi trudng
chat dién gidi chuyén dong nhu bom, van, dudng éng, thap hip thy, hip phy, canh
khudy,... trong méi trudng nay téc do &n mon ¢ thé ting hay giam.

- Néu chat 16ng khong chiia anion hoat dong: F-, Cl, Br, I thi ban dau ting
tdc do chuyén dong cua chit 16ng thi tdc do dn mon ting, nhung sau dé gidm. Néu
ting manh téc d6 chuyén dong ctia dong chit 16ng thi téc do in mon ting.

- Néu trong chét dién gidi c6 chia cdc anion hoat dong thi khong thé nao
tao mang thu dong. Do dé, tdc do dn mon tiép tuc ting.

K K

A A

—

m/s m/s
Hinh 6.6.

2.6. Anh hudng cia dong dién ro:

R4t nhiéu thiét bj va dudng 6ng lam viéc ngdm dudi dat bi an mon do tac

v

dong cta dong dién ro (chi yéu la dong mot chiéu, dong xoay chiéu khong anh
huidng)
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vung catod vung trung hoa: vung anod (dn mon manh)
Hinh 6.7.
2.7.  Anh huéng ciia cdc nhan td khdc:
Do mot vai khau trong chi tiét khong ding qui cach, gdy nén in mon. Nguy
hiém nhét 1a cac chd ndi, chd han, cic méi han. (Hinh 6.8.)

S

Tranh bt mai mon D& gay mai mon
Hinh 6.8.
III/ Chét lam chim #in mon: (CLC)

3.1.  Khai niém:

Chét 1am cham #n mon 13 chét khi thém vao méi trudng mot lugng nhé thi
tdc do dn mon dién hod cta kim loai va hop kim giam di rit 16n. Co céu tac dung
cta chat 1am cham 1a ngin can qu4 trinh anod va catod hay tao mang.

Theo Balezin chat lam cham c6 thé chia lam cac loai sau:

Kiéu A: Chit 1am cham tao trén bé mit hop kim mot I6p mang méng.

Kiéu B: Chét 1am chdm 1am gidm sy xam thuc clia moi trudng.

Kiéu AB: két hop hai loai trén.

Ngoai ra theo mdt sd tac gia khac chat 1am cham gdém c6 céc loai sau:

e Dua vao thanh phan: CLC vé co, CLC hiiu co.




e Dua vao tinh chét st dung: CLC trong dung dich, CLC bay hoi.
e Dua vao tinh chit méi trudng: CLC axit, CLC kiém, CLC trung tinh.
Dé danh gid CLC dya vao hai chi s6 sau:
+ Hé s6 tac dung bao vé (Z):
7Bk o)

0
K,: Téc do an mon kim loai trong dung dich chua ¢6 CLC (g/m?h).
K,: Téc do an mon kim loai trong dung dich khi ¢6 CLC (g/m?h).
+ Hiéu qua bao vé (0):
0="2%)

0

2.2.  Chatlam chim anod:

Thudng 1a nhiing chat oxy hod, nhiing chat nay ngin can qua trinh anod, né
lam thu dong hoa bé mit anod va lam gidm qué trinh anod. Nhiing CLC anod
thudng dugc si dung: Na,CrO,, NaNO,, hdn hgp ctia (NaNO, + NaCOs), ...

Vi du: Cromat hod bé mit sét, thép:

@) 0) 0) 0) 0) 0) 0) 0)
Ct Cr Cr Cr Cr Cr Cr
0) 0) 0) 0) 0) @) 0) 0)
. _______________________________________________________________________________________|
Fe Fe Fe Fe
Hinh 6.9.

3.3.  Chat lam chim catod:

Thudng 1a nhiing chét hip thu oxy, do d6 lam giam téc do dn mon do su
khti phan cuc oxy. Ngoai ra nhiing chit nay lam gidm hiéu tng cla catod hay gidm
bé mit catod. Nhiing CLC catod thudng dudc st dung: Na,SO,, Ca(HCO;),, NH,-
NH,, ZnSO,, ... Ngoai ra, cling c6 mdt s ion kim loai nhu As**, Bi** trong méi
trudng axit ching sé phong dién trén catod d€ tao thanh As hay Bi. Qu4 thé hydro
trén cdc kim loai ndy cao hon qua thé hydro trén thép.

3.4. Chatlam chim hifu co:

Ngay nay, ngudi ta da tim ra trén 3000 CLC, trong dé da sé 1a CLC hiiu co.
Téac dung clia CLC hifu co 1a hap phu 1én bé mit kim loai va lam giam t6c do in
mon.

Anh hudng chat hap phu dén tdc do dn mon do hai nhan té chinh:

+ Muic d6 bao phti bé mit bSi ion hay phan tii cia CLC hiiu co.



+ Thay d6i dién thé khi bi hap phu.
Mot sé6 CLC hitu co thudng dudc st dung trong méi trudng axit H,SO, 22%

nhu sau:
Bdng 6.2.

Tén chét Cong thiic Noéng do Z(%) 0(%)
Utrotropin (CH,)¢N, 1+1.2% 96.7+98 31+47
Thioure' (NH,),CS 0.005+0.01% 96 2425
Pyridin C;H;N 1.5+2% 40 1.7
Kaliiodua KI 0.1+1% 65 98.5
Benzidin NH,CH, 9¢g/1 87.7 96.5

3.5.  Chat lam chiam bay hoi:

Chét 1am cham bay hoi dung dé€ bao vé kim loai khi tiép kim loai dé tiép
xtc vdi khoi hodc hoi, nén dudc goi 1a CLC bay hoi. CLC bay hdi c¢é ap suét hoi
bao hoa cao, hoi clia né nhanh chéng chiém day thé tich khong gian kin, sau dé
dudc hdp thu 1én bé mit kim loai va bao vé kim loai trong mét thsi gian dai.

Nhiing dic trung quan trong cua CLC bay hoi la:

+ P, = 102+10* mmHg 6 20+25°C.

+ C6 tac dung bao vé kim loai lam viéc trong khong gian kin.

Tac dung cia CLC bay hoi:

Chét 1am cham bay hoi ¢ thé tdc dung vdi cac chit khii phan cuc, lam
gidm do 4m cta moi truong, 1am cho bé mit kim loai ghét nudc, hay ¢ thé tao
mang thu dong.

Phuong phap sit dung CLC bay hoi:

+ Cho CLC bay hoi trong khong gian kin: phong, hom kin.

+ Quét CLC bay hoi trén gidy bao géi.

Mét s6 CLC bay hoi thuong duge sit dung:

+ CLC phoétphat, loai nay thuong dugc dung dé bio vé thép, gang, crom,
niken, thiéc. Phéi liéu nhu sau:

77% NaNO, + 5.5% (NH,),HPO, + 1% Na,CO; (trong lugng)

Hén hop nay & dang bot, cho vao bao bi va ci 1m?® khong gian can 1.5kg
bot.

+ CLC bay hoi trén ¢o sé natrinitrit va benzoat.

32.5% Benzoat + 16.5% NaNO, + 1% (NH,),CO; (trong ludng)

3.6. Chatlam chiam hoa tan trong diu mé:



Chat 1am cham hoa tan trong ddu m& 1a hop chét hifu co ma phén i cla né
6 cu tao tu hai phan:

+ Géc hydrocacbon c6 phan tii cao (thdng hay vong)

+ Nhém hoat dong dé bdo vé kim loai

Cong thuc chung: C .H,,.,A.

A:-OH, -COOH, -COOMe, -S0O;, --SO;Me, -NO,, -NH,.

Co ciu tac dung ciia CLC trong diu mé:

+ Ngin can su khuyéch tdn clia nudc va khi in mon qua dau md.

+ Tao trén bé mit dién cuc mang hap thu ghét nudc, khong cho nudc di qua,
khong bi nudc phan huy.

Mt s6 chat CLC trong ddu m& hién nay dugc sif dung:

Nitro hoa m& khoang (c6 gin gbc -NO,), hdp chat hydrocacbon mach cao
6 gén cac gdc -SO;, -NO,, -NH,, hodc hén hop modt sé md ¢d nhiéu gbc hoat dong
thi hiéu qua bdo vé cao hon so vdi don chét.



CHUONG 7
LOP PHU BAO VE

L6p phti bao vé 1a mot trong nhiing phuong phap phd bién nhét hién nay dé chong
an mon kim loai.
C6 ba loai 16p phul bao vé:

e Ldp pht kim loai

e Ldp pht phi kim loai

e Ldp phil bing cac hop chat hod hoc.
A. Lop phu kim loai:
I. Co cau:

1.1.  Ldp phu anod:
Dién thé kim loai phli 4m hon kim loai chinh, do dé kim loai phd déng vai tro
anod clia pin &n mon. Vi du : Zn, Sn, Cd, ... 1én trén nén sét, thép.

1.2.  Ldp phu catod:
Dién thé kim loai phd ducng hon kim loai chinh, do d6 kim loai phd déng vai tro
catod va kim loai chinh déng vai tro 13 anod. Do dd, mudn bao vé kim loai chinh
16p phi phai ddm bao cac yéu cau:

- Bén trong mdi trudng in mon.

- Sit chic, khong c6 15 xdp, khong c6 vét niit.

- Bam chic vao kim loai chinh.

Vi du: Cu, Cr, Ni 1én trén nén sit, thép.
II. Phuong phap phi:

2.1. Phuong phap dién: st dung ngudn dién mot chiéu
Ban chét clia phucng phap nay 1a két tia dién hoa tii cac kim loai khac.

|
R +|I_
A

/n Fe

Hinh 7.1.



2.2. Phuong phap nhiét:
Ban chét clia phuong phap nay 1a nhung kim loai cin bao vé vao kim loai khac &
dang ndng chay va kim loai ndng chay bam 1én bé mit kim loai can bdo vé.
Nhiing yéu ciu co ban dé tao thanh 16p ph:
- Kim loai néng chdy cd kha ning thim udt va dang déu trén bé mit kim loai can
bao vé.
- Tao thanh hgp kim gitia hai kim loai.
- Nhiét d6 néng chay thap hon kim loai can bio vé.
* Uu diém: don gian, ning suit cao.
* Nhupc diém:
+ Chiéu day 16p pht khong 6n dinh, phu thudc vao nhiét d6 va thoi gian nhing.
+ Tiéu hao kim loai kh4 16n (1am viéc G nhiét do cao nén kim loai dé bi oxy ho4)
+ Ldp phti khong déu, khong bing phing
+ Khong thé thuc hién dugc véi cac chi tiét phiic tap (15, khe)
2.1.1. Nhung kem:
Zn ¢6 dién thé 4m hon Fe nén c6 thé bao vé sit khéi dn mon trong khong khi va
trong nudc.
a. Cdc budc tién hanh:
- Ty ddu m& trong dung dich 6-10% NaOH, 2-5% Na,PO, & 80°C.
- Tay gf hoa hoc trong dung dich 5-10% H,SO, thdi gian 30-35' (c6 thé tdy gf dién
hoad)
- Hoat dong hoa bé mit Fe trong dung dich 0.5-3% HCI hay trong dung dich
NH,CI da acid hoa.
- Tr¢ dung hod bé mit kim loai.
- Say & nhiét do 120-200°C.
- Nhung vao dung dich Zn nong chay.
b. Vai tro ciia chit tr¢g dung:
Muc dich cta cong doan nay 1a lam sach cdc chét ban trén bé mit kim loai dé
tranh cho kim loai khdi bi oxy hod va lam cho kim loai thAm uét tot véi kim loai
nong chay.
Chét trg dung chia lam hai loai:
* Tro dung uot. 42-43% NH,CI + 13-14% ZnO + 42-43% ZnCl,.
Chat tr¢ dung néng chay trén kim loai ndng chdy.
Céc phan ting c6 thé x4y ra nhu sau:
- Khi chét tr¢ dung tac dung véi Zn ndng chiy:
Zn + 2NH,CI — Zn(NH;),Cl,



Zn(NH;),Cl, — ZnNH,Cl, + NH,;
- Oxyt st bi khti theo phan tng:

FeO + NH,CI — FeOHCI + NH,4

FeOHCI + ZnNH;Cl, — FeCl, + ZnOHCI + NH,
ZnOCI dong vai tro chinh trong viéc thim udt bé mit Fe. Vi vay, ZnCl, ¢6 vai tro
quan trong trong chat trg dung vi:

ZnCl, + H,0 —> [Zn(OH),CL]H,
- Ngoai ra cé cdc phan ung sau:

FeCl, + Zn — ZnCl, + Feld

ZnO + 2NH,CI — ZnCl, + 2NH; + H,0
* Tro dungkhd: 50% ZnCl, dugc hoa tan trong thiét bi riéng, trudc khi nhing Zn,
cho kim loai Fe nhing vao ZnCl,, sau d6 sdy kho, nhing vao Zn néng chay.

2.1.2. Céu tao ctia 16p Zn:
Nhing Fe vao Zn ndng chdy tao thanh 16p phll Zn. Lép pht nay ¢ nhiéu 16p, qua
nghién ctiu c4u tao ctia nd ¢ thé chia lam 6 16p:
- Ldp o 12 16p dung dich ran chua khodng 95% trong lugng Fe.
- Ldp y. c6 dang FesZn,, hay Fe;Zn,, chiia khoang 18-20% trong hiong Fe.
- Lap &. co dang FeZn, chua 7-12% trong lugng Fe.
- Lop o co dang FeZn13 chia 6% trong lugng Fe.
- Ldp 77: ham lidng Zn kha nhiéu, ham lugng Fe chi con 0.003%.
- Lép & 13 16p trung gian gitia 16p 77 va 16p o. Lép nay don 1am gidm do bén cda
16p phu.
Ldp n +o: chiéu day clia I6p Zn chiém 50-60% chiéu day ctia 16p phu.

2.1.3. Anh huéng clia nhiét d va tap chit:
* Anh hudng ciia nhiét dg: nhiét do cang cao 16p phli cang méng, chidu day clia
16p 77 cang nhd, nén Zn bi oxy hod cang cao gay ton that 16n. Ngudc lai, nhiét do
cang thap chiéu day I6p pht cang 16n, nhung 16p phti it bing phing va khé thao
tac.
Thong thudng khdng ché nhiét d6 khoang 435-470°C.

* Anh hudng ciia tap chdt: Al 1a nguyén té kha quan trong, néu trong Zn
néng chay cé khoang 0.2-0.4% Al thi du phuong phdp trg dung udt hay kho déu
cho 16p Zn béng. Nhung néu ham lugng Al nhiéu hon s& lam thay ddi tinh chét co
hoc cua 16p phd.

Tang ham lugng Al thi chiéu day cla 16p o sé gidm, 1am cho chiéu day chung
giam. Khi ham lugng Al dat dén mot gidi han nao do6 thi Idp trung gian bién mét
va néu ham luong Al vudt qua 0.4% thi AICl; dudc tao thanh va lam can tr§ phan



ting gitia Fe va Zn. Ngoai ra, cdc tap chat khac nhu: Pb, Cd, Bi cling 4nh hudng
dén chiéu day cta 16p phi Zn.
2.1.4. CAu tao ciia thung nhing Zn:

N /

N,

Hinh 7.2.
1. Lép Zn ndng chdy; 2. Chét trg dung nong chay; 3. Lép Pb ndng chay
4. Vat trang; 5. V4 thung (bing thép c6 16t 16p gach samdt)
2.2. Nhuing thiéc: (doc tai liéu)
B. Lép phi phi kim loai:
C6 hai loai phé bién hon c4 1a son va trang men.

I. Trang men:
Dung dé€ bao pht cdc thiét bi phan ting ¢d v6 boc gia nhiét, thap hap thu, éng trao
d6i nhiét (rudt ga), ...

1.1.  Co ciu bdo vé ciia 16p men:
Ldp men bam chic vao kim loai, hoan toan khong c6 16 xép. Nudc va khong khi
khong thé thdm qua dudc. DO bén cia kim loai chinh 1a d6 bén clia 16p men. Kim
loai dugc trang men ¢6 nhiing uu, nhuge diém nhu sau:
* Uu diém:
- Lép men tuong déi bén trong moi truong xam thuc: khi quyén, dung dich mudi
trung tinh, trong nudc, trong acid ¢4 tinh oxy hod, kiém yéu.
- Giti vé dep va 6n dinh trong mot thoi gian dai.
- Cong nghé trang men don gian, nguyén liéu dé tim.
* Nhuoc diém:
- Khong thé bée 16p pht ra dugce, do d6 khi 16p men hu thi khong thé phuc héi chi
tiét nhu ban dau dugc.
- Lép men dé v do tac dung co hoc.



- Khong thé thyc hién dudc cho cac chi tiét phic tap.
- trong mdi trudng kiém manh, hodc moi trudng HF 16p men sé bi pha huy:
Si0, + 2NaOH —> Na,SiO; + H,0
Si0, + HF — SiF, + 2H,0
1.2.  Nguyén liéu san xuit men: ¢S 2 nhém chinh
* Vit lidu tao thanh thuy tinh: cat thach anh 1a vat liéu chinh dé sin xuét ra men.
Thanh phan SiO, chiém tii 95-98.8%, nhiét do ndng chay cao 1600-1700°C, cho
nén can phai thém mat sé chat phu gia.
* Cdc chdt phu gia: tuy thudc vao tinh chit clia men ma cho céc chét phu gia khac
nhau:
- Ha thap nhiét do néng chay dung Na,O.PbO
- Men bén hoa thém céc loai oxyt B,0;.PbO
- Anh hudng hé s6 gian nd nhiét thém Na,0.K,0
- Chét 1am duc CaF,, 3NaF.AlIF; (criolit Na,AlF)
- Chét oxy hoa dé oxy hoa cacbon & dang ban: NaNO;, KNO;, MnO,.
- Chét tao mau:
Pb,Pb,0, : mau vang
C,0 + Cr,0; : mau xanh nudc bién
Cr,0, : mau xanh 1a cay
1.3. Trang men:
* Men nén: phai ddm bao men bam chic vao kim loai, khong cho kim loai tac
dung vdi méi trudng xam thuc. Chiéu day cta 16p men nay 0.1-0.2 mm.
* Men ngoai: trang tri va bén co hoc.
Trang men c6 thé dung hai phucng phap udt hay kho.
I1. Son:
Son 1a loai chat 16ng dudc ciu tao i chét tao mang va mot sd chit hoa tan trong
dung mdéi d& bay hoi. Tuy thudc vao chit tao mang ma co nhiéu loai son khdc
nhau.
2.1.  Vai tro cia lép son:
- Chéng gi
- Trang tri
- C4ch dién, son chiu nhiét, chiu ha, chiu acid, chju kiém, chju xung dau.
2.2.  Yéu c4u ciia mang son:
- Son phai bam chic vao kim loai nén.
- Phéi 6n dinh hod hoc
- Khong tham nudc, tham khi, khong bi nudc phan huy.



- Phai cham 130 hoa.

2.3.  Thanh phin mang son:

* Chdt tao mang: 1a thanh chu yéu, chit tao mang ¢ thé 1a: diu thdo moc, nhua
thién nhién, nhua tong hop.

* Dung méi: chit 16ng d& bay hoi, dung dé hoa tan chét tao mang.

* Bot mau: cac oxyt kim loai min hodc cac bot mau hiiu co, khong hoa tan trong
nudc, c6 tidc dung 1am cho mang son nhin, cé mau dep, cé do bén co hoc cao.
Lugng bot mau chiém khoang 10% trong lugng son.

2.4. qua trinh gia cong mang son:

- X li bé mit trudc khi son

- Chon son

- Cac 16p son

+ Son nén: 1am cho bé mit khong gi va 1am nén

+ Son 16t: lam phing bé mit 16p son nén

+ Son phu: tuy theo yéu cau va tdc dung ma chon son.
- Sy kho mang son.
C. Lép phi hop chit hos hoc:
I. Oxy hoa va nhuom mau kim loai:

1.1.  Oxy hoa kim loai den:

DE bao vé kim loai den khdi 4n mon thudng ngudi ta tao trén bé mit kim
loai do mot 16p oxyt theo phuong phap hoa hoc hay dién hoa. Phuong phap dién
hod it dudc sti dung va khong dudc dé cap trong phan nay.

a. Oxy hoa theo phuong phap hoa hoc:
Qua trinh nay thudng dudc tién hanh trong dung dich kiém dic cé chda cdc chét
oxy hoa.

Phuong phap hoa hoc dugc dung phd bién hon phucng phép dién hoa.

Co c4u tao mang oxyt nhu sau:

- Hoa tan Fe trong kiém tao thanh mang oxyt (mudi oxyt thap):
Fe — Na,FeO,

- Oxy hoa muéi oxyt thap thanh mudi oxyt cao:
Na,FeO, — Na,Fe,0,

- Téc dung hai mudi trén tao oxyt sit tu:
Na,FeO, + Na,Fe, O, — Fe;0,

- Thuy phan mudi oxyt cao:
Na,Fe,0, + (m+1)H,0 — Fe,0;.mH,0

- Khi hydrat hoa mét phan:



F6203.mH20 —> F6203.(m _1)H20
Cac giai doan trén cd thé dugc tong quat nhu sau:
Fe — Na,FeO, » Na,Fe,O0, - Fe,0;,mH,0 — Fe,0;.(m -1)H,0
Npeo. |
(mang oxyt) (bun mau dé két tia trén ddy thung)

CAu tao mang va chiéu day mang phu thudc vao téc do tao thanh trung tam
két tinh va téc do phat trién mang. Néu téc do tao trung tam két tinh 16n hon téc do
phat trién mang (ndng do chit oxy hod cao) thi mang tao thanh nhanh, sit chic,
nhung méng. Ngudc lai, Néu téc do tao trung tam két tinh bé hon téc do phat trién
mang (néng do kiém cao) thi mang tao thanh day nhung xdp.

Chat oxy hoa dugc st dung & day 1a cdc mudi nitric va nitrat. Dung mudi
nitric cho mau xanh sang, con mudi nitrat cho mau den.

Bdng 7.1. Thanh phdn va ché dp oxy héa
STT | Thanh phan Ché d6 oxy hod
NaOH 700-800 g/1 138-140°C
1 NaNO; |200-250 g/l (khi nhung) | 20-120 phut
NaNO, | 50-70 g/l 142-146°C
(khi 14y ra)
NaOH 1000-1100 g/1 | 145-150°C
2 |NaNO, |130-140 ¢/l | (khinhing) |60-90 pht
160-165°C
(khi 13y ra)

Dung dich 1 cho mang oxyt bong, dung dich 2 cho mang oxut mag.
Ngoai ra ¢ thé tién hanh oxy hod kim loai den trong dung dich acid H;PO, thi cho
mang oxyt tot hon vé ca tinh chat co hoc va do bén lién két, dd bén dn mon so vdi
dung dich kiém. Dic biét, qua trinh nay c6 thé tién hanh oxy hod cho ca kim loai
den va kim loai mau. Qua trinh tién hanh nhanh, it tén nhiét lugng.



Bdng 7.2. Thanh phan va ché do oxy héa

Cau ti¥ Thanh phﬁn (g/) Nhiét do Thoi gian
H;PO, 4-10 4-10 2-10
Ca(NO;),.4H,0 | 70-100 - -
Ba(NO,), - 70-100 70-100 100°C 40-45 phut
MnO, 1.0-2.0 1.0-2.0 1.0-2.0
Ni - 8-10 -
Fe(H,PO,), - - 30-40
Mn(H,PO,),
1.2.  Oxy hoa Kkim loai mau:

DE bao vé va trang tri kim loai mau, ngudi ta thudng tao trén bé mit kim loai do

mot 16p oxyt theo phucng phap hoa hoc hay dién hoa.

1.2.1. Oxy ho4 dong:

Oxy hoa ddng dé chéng in mon, trang tri trong cong nghiép va thiét bi quang hoc.

Mang oxyt tao thanh day khoang 1pum, ¢6 thanh phan chi yéu 1a CuO.

a. Oxy hoa theo phuong phap hoa hoc:

Thanh phan va ché do oxy hoa nhu sau:

NaOH
K,S,04

Nhiét do
Thdi gian

va c6 thé oxy hoa cac loai hop kim ctia Cu.

60-65°C
5 phut

b. Oxy hoa theo phuong phap dién hoa:
Mang oxyt tao thanh day khodng 1-2pum, c6 d6 bén co hoc va do bén dn mon cao

Thanh phan va ché do oxy hoa nhu sau:

NaOH

Nhiét do

60-70°C (ddng thau)

1

a

Dién thé

Thdi gian

100-250 g/I
80-90°C (Cu)

0.5 A/dm?
2-6 Volt
30 phut

Dé oxy hod va nhuém mau vang cia dong, ngudi ta khong st dung dong
dién ngoai ma chi cho Cu tiép xic véi Al. Gitta Cu va Al s& xuat hién mot hiéu

dién thé.

Thanh phan va ché d6 oxy hoa:




CuSO, 50 g/l

NaOH 35 ¢/l

C,H,0, 30 g/l

pH 9.2-9.6

Nhiét do 20-32°C
Thdi gian 7 phut

Ti 16 bé mit Cu:Al = 4:1

Dung dich khac nhau cho mau khac nhau va thdi gian khac nhau cing cho
mau khac nhau.

1.2.2. Oxy hoa nhom:
a. Oxy hoa theo phuong phap hoa hoc:

Oxy hod Al theo phuong phap nay, chiéu day mang oxyt Al dat dudc khong
cao khoang 0.5 - 1um va c6 do bén kém.
Thanh phan va ché d6 oxy hoa:

Na,CO; 50 g/l
NaOH 2-2.5 ¢/l
Na,CrO, 15 g/l
Nhiét do 80-100°C
Thoi gian 5-30 phut

b. Oxy hoa theo phuong phap dién hoa:

- Co cdiu tao mang oxyt:
+ Qua trinh anod:

Al > AP+ 3e (1)

OH — 0, + H,0 + 4e )

Qua trinh nay c6 thé chia lam nhiéu giai doan:

20H — 0 + H,0

0* >0 +e

O 50 +e

20 50,

2A1 +30% - ALO, 3)

2A1+30 - ALO, &)
+ Qua trinh catdt:

H" +2e — H, (5)

Nhom khi méi cho vao dung dich dién 1i ¢6 thé x4y ra phan ting sau:
2Al +3H,80, —> Al(SO,), + 3H, 6)



Mang dudc hinh thanh s€ tac dung véi dung dich dién li:
Al,O; + 3H,SO, —> Al(SO,); + 3H,0 (7)

- Co cdiu phdt trién mang oxyt va hinh thanh cdc 16 xép:

Qua trinh tao mang oxyt xdy ra theo phan ting (3) va (4). Ldp oxyt nhom
mdi hinh thanh méng sit va chiéu day hdu nhu khong thay d6i. Khi di tao mang
oxyt thi cling ton tai hai qua trinh 1a phat trién mang va hoa tan mang (phan tng
7). Qué trinh hoa tan nay d€ lai trén bé mit 16p oxyt nhom nhiéu 16 xdp, lic nay
oxy nguyén tii va ion oxy khuyéch tan qua mang dudi day cac 16 xdp dé dé tiép tuc
oxy hod nhom. Ldp oxyt mdi lai duge hinh thanh, 16p nay ndm gitta bé mit phan
chia kim loai va oxyt, phan nay s& phat trién v& moi hudng 1a lam cho I6p oxyt day
thém. Mit khac, trén day 15 x6p phia ngoai mang sé xay ra qua trinh hoa tan mang
oxyt. Hai qud trinh x4y ra dong thdi va canh tranh nhau. Néu téc do phat trién
mang 16n hon tdc do hoa tan mang thi 16p oxyt day sé dudc tao thanh. Ngugc lai,
tdc do phat trién mang nhé hon hodc bing tdc do hoa tan mang thi I6p oxyt sé
khong dugc tao thanh hodc bi hoa tan.

Tom lai, 16p oxyt bao gdm hai 16p: 16p trong cting mdng sit, 16p ngoai day
c6 nhiéu 15 x3p (chinh 15 x&p 1a cdc trung tAm phat trién mang).

Ngoai ra, trén thanh céc 15 xdp ngoai ciing ¢6 ¢4 phan ting hydrat:

ALO; + H,0 —» AL,0,.H,0 (8)
Hay AlO,;+3H,0 - Al,0,.3H,0 9)
Va cung co qua trinh hoa tan:

Al,0,.nH,0 + 3H,SO, — Al,(SO,); + (n+3)H,0 (10)

Chu y:

- Su phat trién mang oxyt phu thudc vao tf 18 tdc do cua hai qua trinh dién
bién dong thdi: sy hinh thanh mang nhd oxy hod dién hod va hoa tan mang do tac
dung ctia chit dién li.

- Téc d6 tao mang dudc xdc dinh bing mat do dong (i, cao tao mang
nhanh). Téc¢ do hoa tan mang phu thudc vao ban chit va nhiét do cla dung dich
dién li (nhiét do cao, téc do hoa tan mang 16n).

- Thanh phén va ché dj oxy hod:

C6 thé st dung nhiéu loai chét dién li khac nhau tuy thudc vao muc dich st
dung mang oxyt, nhuing thong thudng ngudi ta hay su dung dung dich H,SO, lam
chat dién li.

Dong dién st dung ¢ thé 1a dong xoay chiéu hay mot chiéu, nhung dung
dong mot chiéu cho mang oxyt cting, sit hon.



Bdng 7.3. Thanh phan va ché do oxy héa

Thanh phan va ché do Dong mot chiéu Dong xoay chiéu
H,SO, (g/) 180-200 125-130
Nhiét do (°C) 15-23 12-25
i, (A/dm?) Al 1.5-2 1.5-2
i, (A/dm?) Dura 0.8-1.2 1.5-2
Dién thé (Volt) Al 12-13 21-28
Dién thé (Volt) Dura 13-28 19-26
Thdi gian (phut) 40-50 40-50 (Al)

30-40 (Dura)

Chii y: mudn c6 mang oxyt day, chiu mai mon phai oxy hod trong dung dich lanh
1+3°C, i, =2+2.3 A/dm?, théi gian = 3+4 h.
1.2.3. Nhuém mau nhém va hgp kim nhom:

Do mang oxyt c¢6 nhiéu 16 x0p nén c¢é kha ning hap phu cdc chit mau hifu
cd, vo co, doi khi cac chdt mau nay tac dung véi mang oxyt tao thanh cac hgp chét
hod hoc. Ngoai ra, cdc phan ting tao mau ¢ thé xay ra trén 16 xdp lam cho mang
oxyt cO mau.

Vi du: muén nhuém mau vang da cam cho nhém, ngudi ta nhung mau
nhom da andt hod vao dung dich 5+10g/l K,Cr,0, thdi gian khoang 30 phut, rtia
sach, sau do dem nhung vao trong dung dich 50+100g/l AgNO; clng trong thdi
gian 30 phut. Mau clia mang oxyt sé xuat hién do phan tng sau

K,Cr,0, + AgNO; = Ag,Cr,0,4 + 2KNO,
vang da cam

Bdng 7.4. Thanh phdn dung dich khi nhuém mau cdc hop chdt vo co.

Mau Dung dich 1 Dung dich 2 Hop chat
nhudém Mubi Noéng do Mubi Noéng mau
g/ do (g/l)

Xanh FeCl, 10-100 | K,Fe(CN), 10-50 | Xanh da troi
Da luong | CuSO, 10-100 | K,Fe(CN); 10-50 | CuFe(CN),
Vang Pb(CH,COO), | 100-200 | K,Cr,0, 50-100 | PbCr,0;,
Tring Pb(CH,COO0), |10-50 | Na,SO, 10-50 | PbSO,
Vang anh | Na,SO, 10-50 KMnO, 10-50 | MnO
Den Co(CH;CO0), | 10-100 | KMnO, 15-25 | CoO




Bdng 7.5. Thanh phan dung dich khi nhuém mau cdc hop chdt hitu co.

Tén chit mau Néng do (g/1) pH Nhiét do (°C)
Alizarin vang 5 50
Vang da cam cho nhom | 1-3 4-5 20-25
Mau tim cho nhém 1 4-7 50-60
Vang 53 cho nhom 1 6-7 50-60
Xanh cho nhdm 1 3-4 50-60
Alizarin d6 2 50-60

1.2.4. So¢ dd mach:

Pb Al Pb

H,SO,

Hinh 7.3.
II. Phét phat hoa kim loai:

La tao trén bé mit kim loai mang phét phat khong tan bam chic véi kim
loai nén. Mang phdét phat khong chiu dudc trong dung dich axit va kiém manh. G
nhiét do cao (400-500°C) mang phét phét ciing khong chiu dudc 1au.

2.1.  Phét phat hod néng:

2.1.1. Phét phat hod thuong:

Nhung miu thép vao dung dich mudi phét phat & dang hoa tan, thusng si
dung 1a muéi Majef: Mn(H,PO,),.H,0, Mn(HPO,), Fe(H,PO,), hay monophotphat
Zn. C6 dang téng quét nhu sau: Me(H,PO,),

Mudi nay & nhiét do thudng bi phan huy nhung khong dang ké:

Me(H,PO,), < Me(HPO,)+ H,PO, (1)

Dun néng s& phan huy triét dé hon:



4Me(H,PO,), < Me(HPO,) + Me,(PO,), +5H,PO,  (2)
Khi nhung thép vao dung dich phot phat sé xay ra hai qu4 trinh sau:
* Qud trinh andt:  Fe — Fe**
* Qud trinh catét:  2H* +2e — H,
Ion H* do sy phan li cua H;PO, ty do hay do cac phan ting sau:

Me(H,PO,), < Me* +2H,PO; (3)
H,PO; < H* + HPO “4)
HPO; < H' + PO;" Q)

Két qua 13 I6p dung dich gan sat bé mit mau thép giau ion Fe?' cling nhu
cac ion HPO, va PO,>. Tich s tan cta FeHPO,, MnHPO,, cling nhu Fe;(PO,),,
Mn,(PO,), rat nhé. Do vy, 16p dung dich gan sat bé mat mau thép dat dén qua bao
hoa va két tinh 1én bé mt thép tao thanh 16p pht phdt phat theo phan ting:

Fe** + HPO; = FeHPO, (6)
Mn* + HPO; = MnHPO, (7)
Zn** + HPO, = ZnHPO, (8)
3Fe* +2P0; = Fe,(PO,), 9)
3Mn* +2PO; = Mn,(PO,), (10)
3Zn*" +2P0O; = Zn,(PO,), (11)

Thoi gian phét phat hod khoang 35-50 phut, nhiét do dung dich duy tri
khoang 96-98,C. Nhiét do cao, mudi sé bi phan huy theo phan ting (1) va (2). Do
dS, MeHPO, va Me,(PO,), c6 thé két tia 1én bé mit thép va ci ngoai dung dich.
Ngudc lai, néu nhiét do thap thi thdi gian phét phat hod sé kéo dai.

Thdi gian, chiéu day, cdu tric clia 16p phét phat hod phu thudc vao cac yéu
td sau:

- Kim loai.

- Phuong phép gia cong bé mit trudc khi phdt phat hoa.

- Nhiét do.

- Tap chit 6 trong dung dich (SO, CI)

- Ti s6 axit chung va axit ty do.

e D¢ axit tu do duoc xac dinh bing phép chuidn do véi metyldacam. Cu

10ml dung dich thi mat 3-4ml NaOH 0.1N

e D¢ axit chung dudc xic dinh bing phép chuin do véi phenolphtalein.

CU 10ml dung dich thi mat 28-30ml NaOH 0.IN



Luong dung dich NaOH 0.1N chudn nay dugc biéu thi bing diém. Vi vay,
chi s8 axit chung 28-30 diém va chi s8 axit tu do 3-4 diém.
Thanh phén va ché do lam viéc:

Majef 32¢g/1
Nhiét do 98-100°C
Thdi gian 40-65 phut

Axit chung/Axit ty do 7-8
2.1.2. Phét phit hod nhanh:

Dé giam thoi gian phét phat hoa xudng con 10-15 phit, ngudi ta thém vao
dung dich phdt phat cdc chat khii phan cuc: mudi bisunphit, sunphit hay cdc hdp
chét hitu co: hydroxylamin, nitrobenzen, thioure'.

2.2.  Phét phat ho4 lanh:

La phét phat hod & nhiét do thudng, khong ton nhiét ning, khong can khdong
ché nhiét do mot cach nghiém ngit. Tuy nhién, mang phdt phat thu dudc méng
thuong dude dung 1am nén cho 16p son.

Thanh phén va ché do lam viéc:

Dung dich 1:
Majef 35-45¢g/1
Zn(NOy), 70-90g/1
NaF 4-6g/1
Thoi gian 20-40 phut
Axit chung/Axit ty do 10-13
Dung dich 2:
H;PO, 35-45¢/1
Zn0O 15-17¢g/1
NaNO, 4-6g/1
Thoi gian 15-20 phut

pH 2-3



PHU LUC

PON VI & CACH TINH TOC PO AN MON:

Téc do &n mon dudc tinh bing mils (1mils = 0.001 inch; linch = 2.54cm)
tiic 1a mic do xuyén thing trén mot nim (MPY: penetration per year) c6 thé

tinh theo cong thtic sau:

MPY =

534: hing s

W: khéi lugng mét di (mg)
D: i khéi (g/cm?)

A: dién tich mau (cm?)

T: thoi gian (h)

534x W
DxAxT

IMPY = 0.0254 mm/nam = 25.4 pm/nam = 2.90 nm/h = 0.805 pm/s

1m =10’ mm = 10° pm = 10’ nm = 10" pm

Bdng 8.1. Pé bén dn mon

P§ bén in mon MPY
Khong bi an mon <1
Dac biét 1-5
Tot 5-20
Kh4 t6t 20-50
Kém 50-200
Khong chip nhan dugc >200
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IV.

Co céu iin mon dién héa

Diéu kién nhiét dong ciia qua trinh An mon
An mon vdi su khi phan cyc hydro va oxy
3.1. Anmon véi su khii phan cuc hydro
3.2.  Anmon véi su khi phan cuc oxy
Ly thuyét dién thé hén hop

CHUONG 4: GIAN DO DIEN THE - pH (GIAN DO POURBAIX)

I.
II.

II.
IV.

Gi6i thiéu
Gian d6 E-pH ctlia nudc sach 6 25°C
Gian d6 E-pH ctia hé Fe-H,0 6 25°C
Cong dung clia gian d6 E-pH

CHUONG 5: THU DONG HOA VA PHUONG PHAP BAO VE DIEN HOA

II.

Thu dong hoa kim loai

1.1.  Khai niém

1.2.  Dong hoc cua qua trinh thy dong hoa kim loai
1.3.  Bao vé andt

Bdo vé dién hda bing cach thay doi dién thé dién cuc
2.1.  Khai niém

2.2.  Bdo vé bang Protector

2.3.  Bdo vé bang dong dién ngoai



CHUONG 6: NHUNG NHAN TO ANH HUGNG DEN TOC BO AN MON

II.

I1I.

Nhiing nhén té bén trong

1.1.  Tinh bén nhiét dong clia kim loai

1.2. Vi tri ctia kim loai trong bang hé théng tuin hoan
Nhiing nhan té bén ngoai

2.1.  Anh hudng cua pH

2.2.  Anh hudng thanh phan va néng do cia dung dich mudi
2.3.  Anh hudng cla ndng do oxy

2.4.  Anh huidng cta nhiét do

2.5.  Anh hudng cia tdc do chuyén dong clia dung dich
2.6.  Anh hudng cua dong dién ro

2.7.  Anh hudng ctia cac nhan t6 khac

Chat 1am cham dn mon

3.1.  Khai niém

3.2.  Chat lam cham andt

3.3. Chéat lam cham catdt

3.4. Chat l1am cham hiu co

3.5.  Chat lam cham bay hoi

3.6. Chét lam cham hoa tan trong ddu mé

CHUONG 7: LGP PHU BAO VE

A. Lép phu kim loai

L.

II.

Co cau

1.1.  Ldp pht andt

1.2.  Ldp phi catdt
Phuiong phap phu

2.1.  Phuong phap dién
2.2.  Phuong phap nhiét

B. Ldp phu phi kim loai

L.

II.

Trang men

1.1.  Co ciu bio vé cta 16p men
1.2.  Nguyén liéu san xuit men
1.3.  Trang men

Son



2.1.  Vai tro cla 1dp son
2.2.  Yéu cau clia mang son
2.3.  Thanh phan clia mang son
2.4. Qua trinh gia cong mang son
C. Lép pht cdc hop chét yhda hoc

L. Oxy hoa va nhuém mau kim loai
1.1.  Oxy hoa kim loai den
1.2.  Oxy hoa kim loai mau

I1. Phét phat héa kim loai
2.1.  Phét phat héa ndng
2.2.  Phét phat hoa lanh






LOT GIOT THIEU

An mon va bio vé kim loai 1a mot nganh khoa hoc ¢6 lién quan dén nhiéu
linh vuc khac nhau: kim loai hoc, hoa li, hoa phan tich, hoa polimer, hoa méi
triudng, hod silicat .... Gido trinh dudc soan thdo ngin gon, sic tich nhdm gidp cho
gido vién va sinh vién d& doc va nim bit dugc van dé mot cach d& dang. Nhin
chung, cac chuong dudc thiét ké tii phan dinh tinh, mé t4 bao gdm nguyén li va cdc
tinh chét nhiét dong dén phan dinh lugng bao gdm cac phuong phap ngin can va
cac phuong phap kiém tra. Dic biét, phan cudi cung dé cap dén mot sé ting dung
mang tinh thuc té cao. That vay, gido trinh nay c6 thé cung cip thong tin cho ban
doc mot s kién thiic mong mudn.

Mot sb kién thiic vé dién hoa da dugc trinh bay kha chi tiét trong cdc
chuong 2, chuong 3 va chuong 4, nhdm giip cho sinh vién c¢é mét cong cu dé
nghién ctiu vé nhiing van dé phan tich va bao vé kim loai khdi 4n mon. Chuong 5
dé cap dén van dé thu dong hod kim loai va cic phuong phap dién hod chdong dn
mon. Chuong 1 gi6i thidu tdng quan vé cac dang dn mon thudng gip trong thuc té.
Hai chuong cudi dé cap dén cac nhan td anh hudng dén tdc do dn mon va mot sb
phucng phap ¢ hiéu qua dudc st dung d€ chdng 4n mon trong thuc té.

Gido trinh nay khong phai 1a mot cAm nang cho van dé #n mon va chdng in
mon. Diéu can nhin manh 13 dé cap dén nguyén li va mot s6 phuong phap da dudc
nghién ctiu dé lam gidm tinh An mon cta kim loai trong thuc thé cong nghiép hién
nay. That vay, muc dich cla gido trinh ndy nhim gidi thiéu mot cach khai quat vé
nguyén ly va cach phong chong dn mon kim loai cho cdc sinh vién khong thudc
chuyén nganh dién hod va n mon kim loai & cac trudng Dai hoc va Cao déng ky
thuat & cac ndm thd hai va thi ba hodc ¢d thé lam co sé cho cdc ngudi bt dau
nghién ctiu vé nganh khoa hoc nay.

Tac gia xin chan thanh cdm on B6 mon Cong nghé hoa hoc, Khoa Hoa ky
thuat, 1anh dao truong Pai Hoc Bach Khoa Da Néng cling nhu Dai Hoc Da Ning
da tao moi diéu kién thuan 16i trong qu4 trinh bién soan va xuat ban gido trinh nay.

Tuy vay, gido trinh nay con rat nhiéu khiém khuyét, rit mong dudc su gop
y clia cdc doc gia dic biét 1a ctia dong nghiép, sinh vién va cic nha nghién ciju
trong linh viic #n mon va chéng #n mon dé gido trinh ngay mot hoan thién hon.

Xin chdn thanh cdm on.

DPa Ndng, ngay 20 thang 06 nam 2003
ThS. LE NGOC TRUNG



CH UbN G1
MO PAU
I/ Tinh hinh in mon va bao vé kim loai ctia thé gigi va Viét Nam.
11/ Pai cuong dn mon:

3. DPinh nghia:

An mon kim loai 1a sy tuy pha huy kim loai do tdc dung hoa hoc va dién hoa
gitia chung vé6i moi truong bén ngoai.

N6i mét cach khac dn mon 1a qua trinh chuyén bién kim loai tii dang nguyén t6
thanh dang hop chit. Su dn mon thudng bit diu xdy ra trén bé mit kim loai, rdi
qua trinh phét trién vao sau kém theo su bién ddi thanh phn va tinh chét hod li cta
kim loai va hgp kim. Kim loai c6 thé hoa tan mét phan hay toan bo tao ra cac san
pham #n mon dudi dang két tia trén bé mat kim loai (I6p gi, oxyt, hydrat, ...)

4. Phan loai

2.1. Theo co cdu ciia qua trinh fin mon

- Anmon hod hoc

- Anmon dién hoa

2.4. Theo di¢u kién ciia qua trinh in mon

- An mon khi

- An mon khi quyén

- An mon trong chit dién giai

- An mon trong dét

- An mon do dong dién ngoai

- An mon do tiép xic

- An mon do ting suét

- Anmon do vi sinh vat

2.5. Theo dic trung cia dang in mon (Hinh 1.1)
An mon déu (thép cacbon trong dung dich axit sunphuaric)

........................................

...........

An mon chon lua, tiic chi mét pha bi pha huy (gang trong axit)



- An mon vét, tao thanh nhiing vét dai trén bé mit (ddng thau trong nudc
bién)

- An mon hé (3n mon trong dat)

LA

- An mon diém, dudng kinh tii 0.1 + 2 mm (thép khéng gi trong nudc bién)

I T]

- An mon dudi bé mit

- An mon nut, do tac dong dong thsi gilia &n mon va co hoc (4n mon canh

tudc bin)




CHUONG 2
AN MON PIEN HOA

I/ Khai niém
1.1. Giéi thiéu:

Khi nghién ctu su lam viéc cda pin Cu-Zn trong dung dich dién gidi nao do
ta thiy phia Zn mon dan do hién tudng hoa tan. Nhu vy Zn déng vai trd anod
trong pin Cu-Zn. Céc phan ting dién cuc xdy ra nhu sau:

Cu”* () + Zn(r) < Cu(r)+ Zn** (1)

Zn| ZnSO, ] CuSO, | Cu (r)
Qua trinh anod  Cau ndi Qua trinh catod
Zn(r)| Zn?(1) ] Cu*(1)| Cu (v)

Trong thuc t& qu4 trinh n mon xay ra trén cung mot kim loai, nghia 1a trén
d6 dong thoi x4y ra qua trinh anod va catod, dua dén sy pha huy kim loai.
K

A __ 3 K AQA

Hinh 2.1.

1.2. Phan ung dién hoa:

Ky thuat dién hod dudc st dung rong rai trong ki thuat va ddi séng. Tuy
nhién, trong dn mon va trong nganh ma dién van dé can quan tdm dé 1a dic tinh
cla bé mit phan pha gitfa kim loai-dung dich: vi dy, téc do phan ting tai bé mit,
tinh chat cua 16p mang trén bé mit hojc hinh dang ctia bé mit. Cong cu dé khéo
sat va nghién ciu céac tinh cht trén 1a thé va dong. Tu hai thong s6 nay chung ta
c6 thé suy luan moi thi c6 thé x4y ra trén bé mit phan pha. Khi chung ta nhing
mot thanh kim loai vao dung dich dién i, thi kim loai ¢6 khuynh hudng phan tng
v6i dung dich dién 1i d6: kim loai ¢6 thé hoa tan d€ tao thanh cation hodc cac
cation trong dung dich ¢4 thé két tia thanh kim loai:

Vi du: Fe — Fe™ +2e

Hodac Fe™ +2e— Fe

Két qua clia nhiing phan ting nay 1a kim loai ¢ khuynh hudng tich tu dién
tich 4m hoidc duong. Su tich tu nhiing dién tich nay sé lam thay déi dién thé cia



kim loai va dién thé sé dat dén gia tri khi tdc do clia hai phan ting dat can bing.
Dién thé nay goi 1a dién thé can bing.

Mot diéu quan trong, khi cho mot manh kim loai vao dung dich dién 1i &
dién thé can bang cla nd, diéu nay khong cd nghia 1a tdc do hoa tan kim loai va
phan ting két tia kim loai la bing khong. Phan ting dién hoa luon luén 1a mot qua
trinh chuyén dién tich, ching ta ¢é thé dinh nghia tdc do cta cac phan ting nay
béng mdt dg dong. Khi téc dd phan ting hoa tan kim loai bing tdc do phan ting két
tia kim loai thi chung ta ¢6 thé dinh nghia téc do cia cac phan tng nay bing mdt
do dong trao doi.

Trong #n mon kim loai c¢6 hai phan ting quan trong khac la phan tng khti
oxy hoa tan d€ tao thanh ion hydroxyl va phan tng khii ion hydro hodc phan i
nudc dé tao thanh khi hydro:

0, +2H,0+4e - 40H"
2H" +2e—>H,
2H,0+2e —> H, +20H"

Su can bang gitia mot hodc nhiéu phin tng catod vdi phin tng anod hoa
tan kim loai thi ta xac dinh dudc mdt do dong dn mon. Mot trong nhiing uing dung
phuong phap dién hoa dé nghién ciu dn mon 1a xac dinh do 16n clia mat do dong
4n mon va co ché cia qua trinh dn mon.

1.3. Dinh luat Faraday:

Cac phan tng dién hoa hodc san xuét ra electron hodc tiéu thu electron.
Dong electron dugc do bing dong I (A). Theo dinh luat Faraday ti 1& gitia khéi
lugng chat phan ting m, véi dong I, dudc xac dinh nhu sau:

Ita
=— 1
= (D

F: hing s6 Faraday (=96500 coulomb)
n: s6 electron trao doi

m

a: khéi lugng nguyén ti
t: thoi gian
Chia phuong trinh (1) cho thdi gian t va dién tich bé mit A, ta xac dinh
dudc téc do an mon r:
m a

== 2
g tA nF 2)

i: mat do dong (i = %).



Phuong trinh (2) chi ra tf 1¢ gitfa khéi luong kim loai mét di trén mot don vi
dién tich trong mot don vi thdi gian (vi du: mg/dm?/ngay) va mat do dong I (vi du:
mA/cm?).

11/ Pién thé dién cuc:

2.1. Lép dién tich kép:

Khi cho kim loai tiép xuc vdi chit dién gii thi xy ra su tdc dung gitia kim
loai vdi chat dién giai d6. Trén gidi han phan chia gitia hai pha dién cuc-dung dich
s& xuét hién 16p dién tich kép (chiéu day cua 16p nay <0.1nm) va budc nhay thé
dugc goi 1a dién thé dién cuc. C6 nhiéu i thuyét mo ta cdu tric cla Idp dién tich
kép nay nhu li thuyét ciia Helmholz, Gouy-Chapman va Gouy-Chapman-Stern.

2.2. Nguyén nhan xuit hién Iép dién tich kép:

- Chuyén dién tich tii pha nay sang pha khéac

N

+ 4+ + + + +
+ A+ ++ o+ o+

Hinh 2.2.
- Hap phu chon loc c4c anion hay cdc phan tif ludng cuc trong dung dich

ofsistels

Hinh 2.3.
- Do hai nguyén nhan trén

+ 4+ + + + +

S (BT

Qoogo

Hinh 2.4.



2.3. Cac loai dién cuc so sanh:

- Dién cuc chuan hydro (Standard Hydrogen Electrode: SHE)

Hay con dudc goi Normal Hydrogen Electrode: NHE

- bién cuc Calomel bao hoa (Saturated Calomel Electrode: SCE)

- Dién cyc bac-clorua bac (Silver-Silver Chloride Electrode: Ag/AgCl)
111/ Phuong trinh dong hoc co ban cia qua trinh dién cuc:

3.1. Ning lugng hoat hoa tu do:

Xét mot dién cuc kim loai-ion kim loai nghia la dién cuc kim loai nhung
vao dung dich chi chiia ion kim loai d6. Trong trudng hop nay chat khi (RED) la
nhiing nguyén tf kim loai trén bé mit dién cuc, con chat oxy hoa (OX) la cdc ion
kim loai trong dung dich:

Qua trinh oxy hoa: RED < OX +ne (mét dién tif)
Qua4 trinh khti: OX +ne <> RED  (nhan dién tt)
Vi du: Ago Ag +e
Kim loai Ldp dién tich kép  Chit dién li

G

(ndng lugng tu do) I
ion k.1. trong mang tinh thé ion k.1. bi hydrat hoa trong dung dich
AG \ AG
Hinh 2.5

vOi AG = —nFE

3.2. Qua trinh phén cuc hoat ho4 ¢ trang thdi cAn bing:
Ning luong hoat dién hod hoc ddi véi qué trinh chuyén dién tich (ki hidu
AG") clia mot phan ting dién cuc dudc xac dinh bing tong cia:
- Ning lugng hoat hod hod hoc (AG') déi véi phin ting catod:
OX +ne - RED
ho#c ning lugng hoat hod hod hoc (AG, ) déi véi phan ting anod:
RED — OX +ne
- Hiéu tng dién trudng trong 16p kép, yéu t6 nay sé lam ting hay gidm ning
luigng hoat hoa dé vugt qua hang rao thé ning va né bing mét dai luong anFAE.



a: hé sé chuyén dién tich, dudc dua ra dé don gian viéc tinh toan anh hudng
cua dién truong déi véi hang rao thé ning (tu phia kim loai 1a o, con vé phia dung
dich 1a (1-a). Théng thudng nhting phuong trinh dude dung trong dong hoc dn
mon thi o = 0.5).

Nhu vay: AG. = AG, —anFAE (1)

va AG. = AG. +(1-a)nFAE )
Kim loai  Ldp dién tich kép Chit dién li

G
(ndng lugng tu do) I

i nFAE ' AG’
(1—)nFAEX. /

Hinh 2.6
Tdc do phan tng dién cuc hoan toan phu thudc vao tan sb giao dong cta
cac ion c6 thé vugt qua hang rao thé ning gitia hai pha dién cuc-dung dich dé hoan
thanh phan dng chuyén dién tich.
Dua vao phuong trinh Gibbs va dinh luat Faraday ta co:
* P6i véi phan ting RED — OX + ne (phan ting anod hay qué trinh oxy
hoa)

. AG[I
i, =nFf,Cppyp exp[— o7 ] 3)

* P6i v6i phan ting OX + ne — RED (phan ting catod hay qua trinh khi)

k3

AG
(=ie) = nEf Cox expl=—r] “4)

Thay gia tri (1) va (2) vao (3) va (4) ta co:




(AG, —anFAE)

i, = nEf,Crpp expl— RT ] (5
, AG. +(1-a)nFAE
(i) = nEY,Cyy exp- 20 HUZMPBE] )
RT
hay i, =nk f Crep exp[anFAE] (7)
) , 1—a)nFAE
(-i.) = nFY, Coy exp {—ﬂ} ®)
RT
Véi f. = f, exp
0 trang thal can bang dong: RED =0X + ne
Ta co: (i) =(1.), =1,
Nhu vay, ta co:
FAE® 1-a)nFAE®
nk; f Crep exp[om—] = nk; f Cox X {_%} )
exp(2AE) = JCor Cox (10)
RT fa CRED
LN =lnLC,+lnCi (11)
RT fa C‘RED
agt =R Je (R Cor (12)

nF - f, nF  Cpyp
Phuong trinh (12) c¢6 thé viét dudi dang dién thé dién cuc, trong d6 E khac
vii AE mot dai lugng y nao do:
Lﬁ+;{)+£lncﬁ (13)
fa nF CRED

Cox,> Crep: NONng do chét oxy hod va chat khi tai dién cuc & trang thai can bing.

Ech =AEcb +Z=(£1n
nF

O didu kién chudn: C,, = C,,, =1mol /I

—  E® =E° (dién thé dién cuc chuin)

= E?=E"+ RTlnCOX

nk RED
Day chinh la phuong trinh NERNST
3.3. Qua trinh phén cuc hoat ho4 ¢ trang thdi khong cin bing:
Khi can béng thi téc do anod béng tdc dd catod. Khi can bing dién hod bi

(14)

pha v4 bing cach lam thay d6i ning lugng tu do cla céc chit phan ting dén mot



gid tri khdc, nghia la 1am cho AE # AE® thi Iic d6 mot dong dién anod hay catod
s& dugc sinh ra do anh hudng cta sy di chuyén khéi gia tri AE® téi ning luong
hoat hod cia phan ung catod hay anod. Trong triéng hop nay ta co:
onFAE

RT

(-i.) = nET; C expi- =22 (16)

Crp-Coy : 1a ndng do chat khii va chit oxy hod tai bé mit dién cuyc & trang

] (15)

i, = ”Ffavczyam exp[

thdi khong can bing
Phuong trinh (15) va (16) c6 thé viét lai nhu sau:

anF (AE — AE")
RT

C,

.. RED

i, =iy 2 exp|
RED

] (17)

C' _ _ chb
(=i,) =iy —*-exp[- (=a)nF(AE - AET)
Coy RT
Lic ndy C,yp.C,y : 12 ndng do chét khii va chat oxy hoa & trong dung dich.
V6i AE - AE® = E - E®* = 1 thi ldc nay mat d6 dong dién tong i, & dién

] (18)

cuc sé la: b =1, 1.
. e onF C, 1-a)nF
Hay o = Iy (2 exp[ T Cox gy AmInET, g
Crmp RT ° C,, RT

Phuong trinh (19) 1a phuong trinh co ban trong dong hoc cac qud trinh dién
cuic, n6 cho biét mdi quan hé gitia tdc do phan ting i vdi 1, Creps Coxs 1o, O
Néu nhu qué trinh khuyéch tan nhanh thi nong do cdc cdu tli phan ung tai
bé mit dién cuc va trong thé tich dung dich s& nhu nhau, ¢ nghia la:
C;?ED = Crap va Cc')x =Coy

Nhu vay phuong trinh (19) s€ trd thanh:

_(-a)nfFn
BT (20)

Phuong trinh nay dudc goi la phucong trinh BUTLER-VOLMER. Day la
phuong trinh c6 ban cho tét ca cac qua trinh dong hoc ctia phan ung dién hoa.
IV/ Déng hoc ciia cac qua trinh dién cuc:

4.1. Phan ving dién cuc bi khéng ché béi giai doan chuyén dién tich:

. : onk’
ltotal = lO {exp[ RTU] - exp[




Nhu da trinh bay, néu qué trinh khuyéch tan nhanh thi ndng do cia cac ciu
tti phan ting xem nhu bé qua. Luc do, téc do clia qud trinh anod va catod nhu sau

va dudc thé hién bing 2 nhanh trén d6 thi i- n (Hinh 2.7.)
anF'n

o 21
i, =i exp 1)

L (1-a)nFn
i = Sl & 22
i =iy expl— ) @2)

An
=i, +i,> 0
....... ia
1
=1, +1,<0
Hinh 2.7

* Qua thé 16n (trén dd thi néu qua thé duong 16n thi phan ting catod riéng
phan ¢ thé bé qua va néu qua thé 4m 16n thi phan dng anod riéng phan c6 thé bd

qua). Luc nay ta co:

logi =logi, + ——— >50mV
g a g 0 2303RT 77(1 (n )
) . (I-a )nF
logi, =logi, ————n_ (> -50mV
gl =logi, ——— 7. (N )
Hav- __2303RT logi +2.3O3RT10 ;
Y' na . F g 0 . F g a
2.303RT . 2.303RT .
n, =————logi, —————logi,
(1-a,)nF (1-a, )nF
Dang tong quét:
n=a+blogi

(22)
(23)
24)

(25)

(26)

Phuiong trinh (26) goi 1a phuong trinh Tafel (Hinh 2.8). D6 déc clia dudng
thing n(logi) dudc goi 1a do déc Tafel, duge dung dé x4c dinh céc thong sé dong

4 \ I\? ‘A 14 °
hoc cua qud trinh chuyén dién tich i, o.



Vi b, = 2.303RT vib =— 2.303RT
a nkl (l-a, )nF

Na

> logi
Hinh 2.8
* Qua thé nhd, va gia si ring o,= o= 0.5
, nk
Ta co: =i, — 27
1=1 RT n (27)
Do d6, ta ¢6 dién tré phan cuc R,:
n RT
=1 28
P i nFi, @8)
Thay béng gi4 tri ctia d6 ddc Tafel ta co:
b.b, (29)

" 72303, +h)R,

Phuong trinh (29) dugc goi la phuong trinh Stern-Geary.
Chi y: gia tri b, § trén dugc 14y gia tri duong dé cho téng quat hod. Thuc ra b,
mang gia tri am, va do dé phan bi chia trong phuong trinh Stern-Geary phai la
2.303(b, bR,

4.2. Phan ing dién cuc bi khong ché béi khuyéch tin:

Téc do phan ting dién cuc cling ¢ thé bi khdng ché bdi su van chuyén clia
céc cAu tli phan tng dén va di khéi bé mit dién cuc. Su chuyén van nay c6 thé do:

- Su dién di (do gradient dién thé gay ra): c6 thé loai tr.

- Su khuyéch tan (do gradient ndong do gay ra)

- Su dbi luu (do gradient tdc do gay ra)

Gia su xét mot phan ung dién cuc trén do xay ra qud trinh khu:

2H" + 2e — H,
St dung mo hinh NERNST (Hinh 2.9.):



5 khoang cdch x
Hinh 2.9.
c,‘;z : ndng do ion H' trong dung dich
Cp,: nong do ion H trén bé mat dién cuc
5 :chiéu day 16p khuyéch tan
S dung mo hinh Nernst, cdc dinh luat Fick, va dinh luat Faraday ta c6:
2.303RT i
7, =——_—log1-—=)
nkF i
4.3. Su' phan cuc lién hgp:
Téng qua trinh phan cuc catod (ki hiéu Nre) la tong clia qua trinh phén cuc
hoat hod va phan cuc néng do:
77T,c = nact,c + 77conc

2.303RT ) 2.303RT ) .

e nactc = logZO - loglc = bc log_

VOl © (l-a )nF (1-a, )nF i
_ 2.303RT

i
=27 og(1— <
N eone = g( iL)

77T,c = bc logL

)

b 2'303RT10g(l—l.—")
nkF i

Con dbi phan ung anod hoa tan kim loai thi phan cuc néng d6 xem nhu
khong dang ké (c6 thé bé qua). Do dé:

n, =b, logl.i

Ly




Uy nhanh anod (chuyén dién tich khéng ché)

v

nhanh catod
(chuyén dién tich Khong ché)

nhanh/catod
(khuyéch tan khéng ché)
Hinh 2.10.



~ CHUONG 3
LY THUYET AN MON HON HOP

I/ Co ciu in mon dién hoa:
Kim logi Chit di¢n li

Vung anod
oG
Vung catod
- () (O

Hinh 3.1.
Gom 3 qud trinh:
1. Qua trinh anod: ne < Me —22 5 Me™.mH,O
2. Qua trinh chuyén dién tif thwa:
3. Qua trinh catod: D +ne — [D.ne]

II/ Pi¢u kién nhiét dong ciia su in mon:
Diéu kién dé hé nhan cd thé trao ddi dién tli v6i hé cho khi:
EY > ED
EZ : dién thé can bing clia hé nhan
E<: dién thé can bing clia hé cho (kim loai)
Vi du: cho thanh sit nhing trong dung dich acid véi pH = 1,
C ., =10"mol/l, PH2 =latm

Fe

H¢ cho: Fe—>Fe™ +2e
RT
chb 0
EFez* IFe EFez* jre T n_F In CFez*
ch _ -6 __
E®,  =-0.44+0.03logl0™ = -0.62)
H¢ nhdn: 2H" +2e——H,
chb
Ey. . =—0.059pH
E? =-0.06V

H*/H,



Vay E¢ > E, nén sit bi in mon va ¢d khi hydro thoat ra.
11/ An mon véi su’ khii phin cuc hydro va oxy:

3.1. An mon véi sy khit phan cuc hydro:

3.1.1. Piéu kién nhiét dong:

Nhiing qua trinh 4n mon kim loai ma chat khii phan cuc 1a ion H" va san
pham thoat ra & catod 1a H, , thi dudc goi 1a #n mon kim loai véi sy khi phan cuc
hydro: H+.H20+e—>H+H20—>%H2+H20

Diéu kién co ban:  Ej; > E;7

3.1.2. Qua trinh dién cuc:

Gom 6 giai doan:

1/ Céc ion H+ bi hydrat hod tao thanh cdc ion hydroxon va khuyéch tan dén
bé mit catod.

2/ Phéng dién ctia ion hydroxon tao thanh ion hap thu:

H*H,0+e—H, +H,0

3/ Mot phan nguyén tii hydro tao thanh hoa tan vao kim loai

4/ Két hop cdc nguyén ti hap phu: H, +H, = H, hay khi hap phy dién
hoa: H, +H"H,0O+e—H,+H,0

5/ Khuyéch tan cac phan ti H, vao dung dich sau dé khuyéch tan vao
khong khi.

6/ Céc phan ti H, trén bé mit catod tdp hop lai thanh bot khi va thoat ra
khoi bé mit kim loai:

H,+H,+H,+H,+H,+H,+...=nH,



Kim loai Khong khi

6 5
Dung dich
4
3<T
2
1
ol
P
Hinh 3.2.

3.1.3. Pic diém cia sy’ khii phan cuc hydro:
An mon vdi su khi phan cuc hydro cé kém theo su khii phan cuc oxy.
Su khti phan cuc hydro phu thudc nhiéu vao pH.
Su khti phén cuc hydro phu thudc voa bé mit kim loai, cdc tap chat.
An mon vdi su khi phan cyc hydro ¢é kém theo su don cta thép.

3.2. An mon véi sy khif phin cuc oxy:

3.2.1. Pi¢u kién nhiét dong:

Nhiing qu4 trinh &n mon kim loai ma chét khi phan cuc 1a oxy hoa tan

trong dung dich theo phan \ing sau, goi 1a 4n mon kim loai vdi sy khii phan cuc

OXY:

buc.

0,+2H,0+4e ->40H"

Diéu kién ¢6 ban: E? > E?
> 0, M

3.1.2. Qua trinh dién cuic:

Gom 6 giai doan:
1/ Oxy trong khong khi khuyéch tan vao dung dich qua bé mit K-L
2/ Oxy hoa tan vao dung dich nhd chuyén dong déi luu tu nhién hay cudng

3/ Chuyén oxy qua IGp Pran.

4/ Chuyén oxy qua 16p khuyéch tén 8.

5/ Ion hoa oxy

* Trong mdi trudng trung tinh-kiém:

0,+2H,0+4e > 40H"



* Trong moi trudng acid:
O,+4H" +4e—>2H,0
6/ Khuyéch tan ion OH ra dung dich.

Kim loai Khong khi 0,
1
6
Dung dich
2
5

4 3
o)
P
Hinh 3.3.

IV/ Ly thuyét dién thé hdn hop:

An mon kim loai trong dung dich "nudc" 1a két qua cia 2 hay nhiéu phan
ting dién cuc xay ra trén bé mit kim loai, trong dé c6 mét phan ting anod (oxy hod
kim loai thanh ion ctia né thanh dang oxyt hay hydroxyt), dong thdi cling xay ra
mot hodic nhiéu phan ting catod (khii cac ciu tif oxy hod cd mit trong dung dich).

Ly thuyét hon hop dudc dé cap trong phan nay déi vdi qua trinh #n mon
kim loai trong méi trudng acid, trung tinh hay kiém yéu. Céc vi du sau sé cho thay
tdc do dn mon dudc quyét dinh béi téc do cla giai doan cham nhat trong qua trinh
chuyén dién tich hoidc qua trinh khuyéch tdn cia phan ting anod hay catod.

Vi du: Nhing mot thanh sét sach vao dung dich acid (pH < 2)

Trong hé nay ¢ 5 phan ung dién cuc dudc xét dén:

i

a,Fe

Fe > Fe*+2e (1)
ic,Fe
ic,H+
2H" +2¢e <——_—* H, (2) (ddacid)

1a,H-%—



2H,0 + 2e

0, + 4H" + 4e

0, + 2H,0 + 4e

L. H20

—_—
-

L, H20

Loz

—_—
«——

Loz

Loz

—
-

Loz

H,+20H (2a) (dd trung tinh-kiém)

2H,0 (3)  (dd acid)

40H (3a) (dd trung tinh-kiém)

Theo quan diém nhiét dong hoc thi phan tng (2) va (2a); (3) va (3a) la nhu
nhau, ching c6 cung dién thé dién cuc can bing.

Gia sti ring dung dich da dudi hét khi d€ loai trii kha ning phan tng (3) va
(3a) x4y ra. Ngoai ra phan ung (2a) c6 mat do dong trao d6i thap. Vi vay, phan
ting khii nuide kho c6 thé xay ra. Nhu vay, trong hé st - acid & trang thai 6n dinh
ta c6 sit bi hoa tan va khi H, thoat ra:

O"g anod:
Fe

6’ catod:

2H" + 2e

la,Fe
e EE——
—
1

c,Fe

1c,l—H

—
4—

1a,l—H

Fe?" + 2e

H,

Hai phan ting nay x4y ra dong thdi trén cing mot bé mit. Mdi phan ting ¢é
dién thé dién cuc va mat do dong trao doi riéng (Hinh 3.4.).



E(V)

H, >2H" +2e
0.1- ioﬂ+
ch

EH*/HZO'O
H"+2e—>H,
N e — Fe™ +2e

ch
EFe2+/Fe
IR E—

Fe* +2¢ — Fe

logi
Hinh 3.4.

Hai dién the dién cyc £ va E¢..  cung ton tai trén cing mot bé mat

H'/H, e** | Fe
va ca hai phai phan cuc dén mot gid tri dién thé trung gian chung E_,., goi la dién

thé an mon. E,, dudc coi nhu mot dién thé hdn hop vi né 1a dién thé dién cuc lién

corr

két clia hai dién cuc riéng phan clia phan ting (1) va (2). Tai £, tdc do cia phin

ting anod (1) can bing vdi téc do phan ting catod (2). Vay téc d6 hoa tan anod i,

xem nhu téc do anmon i, : —i, =i, =i, (Hinh3.5.)



A io,H*
ch
EH /H,
H"+2e—>H,
EM = Ecorr icorr
Iy v e Te — Fe™ +2e
chb
EFe“/Fe
logi
Hinh 3.5
A . . . opnk .
Vay lmrr = (la,Fe )corr = lO,Fe eXp[F— (Ecarr - EFZ )]
RT
\ . . . (1 - a[_rr )n ch
Va lcorr = (_lc,H+ )corr = lO,H+ exp[_T( corr - E )]
Phuong trinh dudng cong phan cuc téng (Hinh 3.5.) clia phan ting n mon:
itotal = ia Fe + iC,HJf
Trong do:
ia, lO Fe eXp[ ;; (E Ecarr ) + (Ecarr ECb )]
. Fc F ch
la,F 10 Fe eXp[ (E Ecor; )] X eXp[ ( corr E )]
R RT
la,Fe - carr eXp[ 1;; (E Ecarr )]
. (I-a, nF
Tuong ty ta co: -i . =i, expl[-—2—(E-E,,)]
et RT
E-E,, :lagia tri phan cuc cua dién cuc bi &n mon. Ki hiéu .
rolF (l-a, . )nF
Va i, = ex —7Z'—GX -7
y total cmr[ p RT p{ RT }]
* 1 I¢m: tuong tu nhu chuong 2, ta ¢é phuong trinh Tafel dang tong quat
n=a+ Plogi
Véi B, = 2.303RT Vi B = 2.303RT
a nkF (1-a,)nF

* 1 bé: tuong tu nhu chuong 2, ta co:



. nF

= lCU}”}” _7[
RT
_RT i

nT=———
nkF i

corr

Goi R, la dién trd phan cyc, ta c6:

hay

dr RT
RP = (E)ﬂzo = —

nFicarr
Thay béng gi4 tri cia d6 ddc Tafel ta co:
B.P.

" 2.303(B, + SR,

AE(V)

.ECb

HY/H

2H* +2e > H, . |E

corr

Fe — Fe’ +2e

: Fcb

Fe*" [Fe

Hinh 3.6.

v



E(V)

lo,H+¢

cb
E H*/H,
H'+2e—H,
ECOF" lcorr
. 2+
L) e ) Fe Fe— Fe™ +2e
ch
E'Feer / Fe
Hinh 3.7.
"Té\ 0 ——H->1DM)
E]/-Ol ——H->RN
) su(ic)
02 o NN+
0 —¥—M>NMmt+
- —8— sum(ia)
-04
05
0.6
-0.7
-0.8
-09
1 (=10 mAenD)

8 7 6 5 4 3 2 -1 0 1 2 3 4 5 6

Hinh 3.8.

logi



_ CHUONG 4
GIAN PO PIEN THE-pH (POURBAIX)

I/ Gii thiéu:

An mon kim loai trong dung dich "nudc" 1a két qua clia phan ting anod oxy
hod kim loai cuing vdi mét hodc nhiéu phin tng catod khii ion hydro hogic nudc,
hodc oxy hoa tan. Viéc xay ra cac phan tng riéng phan nay phu thudc vao dién thé

can bang cua anod va catod riéng phan dé: £, E< i, VA EQ o
Theo phuong trinh NERNST 6 25°C:

Ey.,, =-0.059pH -0.030log P, (1)

Eg o =Ep 110 —0.059pH +0.015l0g P, ()

C4 hai phuong trinh trén déu phu thudc vao pH va ap sudt riéng phan cta
khi tuong ting.

Mit khdc phdn ting anod riéng phan ciing phu thudc vao pH:

Me +OH T——" Me(OH), +2e

Dé d& dang khap sat méi quan hé gitia E-pH ta ¢ thé vé gian dd E-pH goi
1a 1a gian d6 POURBAIX.

Trén gidn 46 POURBAIX c¢6 3 vung:

1/ Khi kim loai & trang thai 6n dinh vé& mit nhiét dong, Itic nay ta néi ring
kim loai s€ khong bi an mon.

2/ Khi tao thanh cac san pham #n mon ¢d khid ning hoa tan, ta ndi ring kim
loai & trang théi hoat dong va téc do 4n mon sé ting manh.

3/ Khi tao thanh cac sin phdm in mon khong bi hoa tan, ta ndi ring kim
loai & trang théi thu dong va tdc do dn mon sé xay ra cham.

II/ Gian d6 E-pH ciia nuée sach & 25°C:

Trong nudc sach khi tiép xuic vdi khong khi, ngoai cac phan ti H,O ra con
c6 mot lugng rat nhd ion H* va OH', ciing vdi khi hoa tan ma quan trong 1a 1 khi
0,.

* DOi v6i phdn ting: 2H +2e ———* H,

Phén ting trén cling ¢ thé viét lai dudi dang sau (trong mdi trudng trung tinh hay
kiém)
2H,0 +2¢ .———> H, + 20H
(EEIZO/H2 =-0.831)

0 P, =lat theo phuong trinh NERNST ta cd: E. o, =—0.059pH (duong a)



* Poi vdi phan ing: O, + 4H" + 4e pu—) s K0
(Eg, o0 =+1.237V)
Phén ting trén cling ¢ thé viét lai dudi dang sau (trong méi trudng trung tinh hay
kiém)

0,+2H,0+4¢ <«— 40H
(E) - =+0411V)
0 P, =lat theo phuong trinh NERNST ta c6: E;’ =1.23-0.059pH (dudng b)
* P6i vdi phan ting: H"+OH —» H,0

Véi C,. *C, =14 hay pOH + pH =14

GIAN PO E-pH CUA H20

N E(V)

1.5 4 0,+4H +4e =2H,0

H'+ OH=H,0

-1+ 2H"+ 2e=H,
-1.5 A H,
2
2 0 2 4 6 8 10 12 14
pH
Hinh 4.1.

Dudng a va b chia gian d6 thanh 3 ving. Vung trén cung (6 dién thé cao)
nudc ¢4 thé bi oxy hoa tao thanh oxy, vung thip nhét (6 dién thé thip) nudc cd thé
bi khi thanh hydro. Con ving § gitia (ving trung gian) tng vdi trang thai bén cla
nudc.

111/ Gidn db E-pH ciia h¢ Fe-H,0 & 25°C:

Ngoai céc cdu tf di k& dén: H,0, H', OH’, O, va H,, con phai ké dén céc
cau tf khac nhu: Fe, Fe?', Fe**, HFeO, , Fe(OH),, Fe(OH);.

Bang 4.1. chi ra nhiing phin Ung quan trong nhat va cac phuong trinh can
bing & diéu kién:



Crp =Cpp =Cppy =10"mol /1
C,.. x(C,, )" =1.9x107;C, .. x(C ) =7x107"
E.. . =-044VE . . =+0.77V
Bing 4.1.

Phan ing Phuong trinh duong
H, < 2H" +2e E =-0.059pH a
2H,0 < O, +4H" +4de E =+1.23-0.059pH b
Fe < Fe* +2e E =-0.44+0.02951log(Fe**) = -0.62 1
Fe’ & Fe'' +e E =+0.77 2
Fe’* +2H,0 < Fe(OH), +2H " pH =6.65—-0.5log(Fe**) =9.65 3
Fe™ +3H,0 < Fe(OH), +3H" pH:+1.613_%log(}7€3+):3.61 4
Fe+2H,0 < Fe(OH), +2H" +2e | E=-0.05-0.059pH 5
Fe(OH), +OH™ < Fe(OH), +e E =+0.27-0.059 pH 6
Fe** +3H,0 < Fe(OH), +3H" +e | E=+1.41-0.177pH 7
Fe+2H,0 < HFeO; +3H" +3e E =+0.316-0.0886 pH 8
Fe(OH), < HFeO, + H* pH =183 +1og(HFeO; ) =12.3 9
HFeO; < Fe(OH), +2e E =-0.81-0.0591log(HFeO; ) = —0.46 10

Puong 1 duoc tinh bang:

cb _ 0
EFe“/Fe o EFe“/Fe +

Duiong 5 diigc tinh nhu sau:

0.059

T phan ung: Fe < Fe™ +2e (1)
Ta co phuong trinh: EC,. =El.  + 0.059 log(Fe™)
Vi phan ting: Fe™ +2H,0 < Fe(OH), +2H" (2)
Ta co: Treom, = (Fe*" )(OH™)?

Cong phan ung (1) va (2) ta cd phuong trinh dudng 5:
Fe+2H,0 < Fe(OH), +2H" +2e

Fe(OH),/Fe — Ege(OH)z/Fe +0.0591og(H ™)

Fe** | Fe

Véi: E?
Y, chb _ ch
Vl‘ EFe(OH)Z/Fe =E
L. ch _ 0
DO do EFe“/Fe - EFe“/Fe

+

T
0.059 log( Fe(OH)_Z /2Fe )
2 (OH™)

log(Fe™) = —0.44—0.059x3 = —0.62V




E®, =E’ + glog(ﬂe(o},)2 1 7.)—0.05910g(OH )*

Fe** | Fe Fe** | Fe
" . 0.059 .
hay E o =E e, + Tlog(TFe(OH)Z 7o) +0.059%x14 4+ 0.05910g(H ")
A 0.059
Vay: E}(:)'e(OH)Z IFe = E2e2+ ke T Tlog(TFe(OH)z sre) +0.059%14
Thay s0 vao ta ¢6:  Ep, oy, p == —0.05
Va phuong trinh dudng 5 nhu sau: E =-0.05-0.059 pH
§ Gian d6 E-pH ciia hé Fe-H20

I%H

IV/ Cong dung ciia gian d6 E-pH:
1/ Gian db E-pH cta hé kim logi-nudc c6 3 ving dic trung:

a/ Vung kim loai can béng vdi ion kim loai é néng do < 10°mol/l.
Theo quan diém #n mon ving nay dudc goi 1a viang an toan.

b/ Vung hydroxyt kim loai (hay oxyt kim loai) can bing vdi ion kim
loai ¢6 nong do < 10°mol/l. Vung nay thudng két tia day dic va dugc goi 1a vang
thu dong.

¢/ Vung kim loai hay hydroxyt kim loai (oxyt kim loai) cAn bang vdi
ion kim loai ¢6 ndng do6 > 10°mol/l. Ving ndy xay ra cdc phan ung dn mon va
dudc goi la ving dn mon.




2/ Trong mot gidi han nao dé, gian d6 POURBAIX dudc dua ra d€ du doan
dn mon. Tuy nhién, trén gian d6 POURBAIX khong cho biét gi vé téc do dn mon
va ban chét bdo vé cta 16p hydroxyt hay oxyt tao thanh trong vung thu dong.

3/ V& nguyén tic cé 3 phuong phap chéng dn mon dude rut ra ti gian do
POURBAIX:

a/ Dién thé dién cuc c6 thé lam Am hon so vdi dién thé dn mon va &
dién thé dé kim loai ndm trong vung an toan. Phuong phap nay goi la bdo vé catod
(phéan cuc catod).

b/ Dién thé dién cuc c¢6 thé lam duong hon so véi dién thé in mon va
§ dién thé d6 kim loai ndm trong vung thu dong. Phuong phdp nay goi 1a bao vé
anod (phan cuc anod).

¢/ C6 thé chuyén pH sang phai d€ cho kim loai roi vao vung thu
dong. Nghia 1a thay d6i méi trudng c6 thé ddn dén ngling dn mon.



CHUONG 5
THU PONG HOA VA PHUONG PHAP BAO VE PIEN HOA

I/ Thu d9ng hoa kim loai:

1.2. Khai niém:

- Trang thai thu dong cta kim loai hay hop kim 1a trang thai ma trén bé mit
clia né hinh thanh mét 16p mang mdng c6 tinh chit bdo vé kim loai hay hgp kim
trong dung dich &n mon. Lép mang nay ¢4 thé day vai A° dén vai trim A° va dudc
hinh thanh do qua trinh oxy hoa.

Vi du: Fe+2H,0 — Fe(OH), +2H" +2e

- Pic trung cho trang thai thu dong 1a khi kim loai bi thu dong thi dién thé
dién cuc cla né chuyén vé phia duong hon (phn cuc anod 16n) va dién tré dn mon
16n, nén tdc d6 dn mon gidm nhanh.

- Hién tugng thu dong do Lomonoxov tim ra ndm 1738 va sau do dudgc
Faraday phét trién thém vao nim 1840, khi 6ng nghién ctiu su &n mon Fe trong
dung dich HNOs;.

Téc do an mon (g/m>h)

1000 ¢

500 t

10 20 30 40 50 HNOY(%)
Hinh 5.1.
- C6 hai cach dé chuyén kim loai vao trang théi thu dong:
* Phan cuc anod (bang dong ngoai)
* Nhung vao dung dich dién li cé chia cdu tii thich hop.
1.2. Dong hoc ciia qua trinh thu dong kim loai:
Gia st ring cé mot sd kim loai & trong dung dich dién li § mot dién thé dui
duong sé xay ra phan ting sau:
xMe+ yH,0 — Me O, +2yH™ +2ye (1)



a/ Phan cuc anod:
Vi du: Fe bi phan cuc anod trong dung dich 0.5M H,SO,, bit diu phan cuc
tui dién thé #n mon E,,.. (Hinh 5.2.)

E(V)
1 2H,0 — O, +4H" +4e
1.25F
1.00 - e =7x107 4/ m’
2Fe+3H,0 — Fe,0, +6H" + 6e
+0.5| S~
i, =2x10° A/ m?
E? 0.0 2H. . +2e > H, FeSO,
-0.25 '
ES -0.5 [ FeusTFe T30
! ! ! ! >
-2 0 2 4 logi
Hinh 5.2.

b/ Nhiing kim loai vao chét dién li c¢6 chét oxy hos thich hop:

Muén thu dong mot kim loai Me nao d6 thi dem nhing nd vao trong dung
dich dién li c6 chia céc cdu tli oxy hod clia hé oxy hoa khii (redox) c6 dién thé can
bang E, duong hon E , - Trong tridng hgp ta co mot phan ung da dién cuc vdi

redox

dién thé hon hop (E, ) dudc xdc dinh bing phan ting anod ctia kim loai hodc oxyt

kim loai v6i phan ting khi clia chat oxy ho4.

Néu toc d¢ cta phén ting khi 6 £, 16n hon toc do phan ting anod (i, ) thi

kim loai sé bi thu dong.

Cac diéu kién dé thu dong kim loai bing hé oxy hoa khii. Hé oxy hoa khi
thich hop cho su thu dong kim loai can ¢ nhiing yéu cau sau:

1 ES.>Em.>E, (5a)

puqtd redox



2/ (5b)

>

i

c,redox E crit

Trong thuc té cac hé oxy hoa khii dap vng diéu kién (5a), (5b) c¢d thé dugc
dung nhu mot chit tc ché thu dong trong dung dich #n mon, ching han nhu
Na,CrO,. Mit khac, nhiing kim loai hoan toan bi thu dong c¢6 thé c¢é hién tugng in
mon cuc bd. Hién tuong nay 1a do su phd huy cuc bd mang thu dong ho#ic bing
hod hoc hodc bing co hoc. Vi du nhu su pha huy mang thy dong bing céac yéu té
hoa hoc do anh hudng cua cdc ion halogen dic biét 1a CI', Br, I' ¢d mit trong moi
truong.

E(V)
i Vung qua thu dong
Ech
puqta

vung thu dong

E:fdox QIT
OX— RED + ne
E, L
E, ving chuyén tiép
vung hoat d¢
Me — Me"" + ne
logipass 10gicrit 1Ogic,redox lOgi

Hinh 5.3.

1.3. Bao vé anod:

Trén ¢o s6 phan tich sy lam viéc cia hé thdng in mon ta ¢ thé két luan
ring nhiéu trudng hop kim loai bi thu dong c6 thé nang cao do bén clia né bing
cach chuyén dién thé dién cuc vé phia duong hon. Mudn thuc hién diéu nay ta ndi
kim loai cin bdo vé& véi cuc duong clia ngudn mot chiéu hay ndi kim loai can bao
vé vdi kim loai ¢6 dién thé dién cuc duong hon. Nhung hién nay viéc ung dung
bao vé anod vao thuc té con nhiéu han ché. Phuong phap bao vé anod cht yéu dé
nang cao do bén cua thép cacbon, thép khong gi, hay titan trong mot sé méi trudng
nhu xut dic, axit sunphuaric c6 néng do cao.

Dong bao vé phdi duy tri thudng xuyén khi dong dién chinh bi ngit thi phai
co dong phu.



Muén tién hanh bao vé anod phai tuan theo cdc diéu kién sau day:

- Trong moi trudng doé kim loai phdi c¢d kha ning thu dong khi phan cuc
anod.

- Dong dién bé khi duy tri trang thai thu dong dé dam bdo do bén dn mon
cao, tiéu hao ning lugng it. Tuy nhién lic diu phai cAn mat do dong 16n dé vuot
qua dong gidi han dén vung thy dong cia kim loai.

- Dam bdo cd dong dién thuidng xuyén khi bao vé anod.

- viing dién thé hiéu qua phai ldn.

Tuy nhién viéc bdo vé anod thuong gdp mét sé kho khdn nhu sau:

- Bdo vé anod khong thuc hién dudc ¢ phan kim loai khong tiép xuc vdi
dung dich.

- Dong dién ban dau cho su thu dong anod 16n nén can phai cé dung cu
khong ché dién thé va duy tri dong dién.

- Rét khd khin bao vé cho cac dudng 6ng dan dai.

- Trong dung dich ¢6 chia céc ion hoat dong nhu CI, thi phai dung 6n ap
dé khdng ché dién thé dién cuc cta kim loai 6 ving thu dong nhung phai dudi dién
thé sn mon 1.

II/ Bio vé dién hoa bing cdch thay ddi dién thé dién cuc:

2.1. Khai niém:

Dua trén db thi dudng cong phan cuc trong diéu kién nao dé ta cd thé
chuyén dién thé dién cuc vé phia ducng hon hay 4m hon so véi dién thé in mon thi
dong dién dn mon c6 thé gidm. Nhu vay, bao vé dién hod la phan cuc hod dién cuc.

a/ Phan cuc anod:

Chuyén dién thé dién cuc vé& phia ducng hon so véi dién thé dn mon cho
dén khi kim loai roi vao trang thai thu dong. Mudn thyc hién diéu nay ta ndi kim
loai can bao vé vdi cuc duong clia ngudn mot chiéu hay ndi kim loai can bdo vé
v6i kim loai c6 dién thé dién cuc duong hon. Trong ca hai trudng hop kim loai can
bao vé dong vai trd 1a anod. Cho nén téc do dn mon chi gidm khi méi trusng dé
kim loai bi thu dong.

b/ Phan cuc catod:

Chuyén dién thé dién cuc vé phia 4m hon so véi dién thé dn mon thi hiu
nhu phén ting hoa tan kim loai ngting hdn. Mudn thuc hién diéu nay ta ni kim loai
can bdo vé vdi cuc am clia ngudn mot chiéu hay ndi kim loai can bdo vé vdi kim
loai ¢6 dién thé dién cyc Am hon. Trong cd hai trudng hgp kim loai can bao vé déu
dong vai tro catod, nén téc do &n mon sé giam.



* Phan cyc catod bing cich ndi kim loai cin bao vé véi cuc am cia ngudn mot
chiéu, dudc goi 13 bdo vé catod dién phin.

* Phan cyc catod bing cach ndi kim loai cin bao vé véi kim loai khac ¢
dién thé dién cuc am hon, dudc goi 1a bdo vé bdng Protector (anod hy sinh).

2.2.  Bio vé bing Protector:

Bdo vé bing Protector c6 thé thic hién bing hai cdch (Hinh 5.4.)

4@@ P

Gian tiép Truc tiép
1. Thiét bi cn bao v&; 2. Protector Zn; 3. Chét boc Protector; 4. Dung cu kiém tra
Hinh 5.4.
2.3.  Baio vé catod biang dong dién ngoai:

Bio vé catod bing dong ngoai ¢ thé 13p dit nhu sau (Hinh 5.5.)

(V) ()
N N

1
4

Hinh 55 A
1. Kim loai cdn bdo vé 2. Anod phu 3. Chét boc
4. Ngudn dién mot chiéu 5. Dién cuc so sanh
Anod phu dugc ché tao tif thép phé liéu, ré tién. Tuy nhién thudng st dung
anod phu la dién cuc khong tan.



Mot s6 vat liéu dude dung 1am anod phu nhu sau (Bang 5.1.)

Bang 5.1.
Loai vat liéu Dong cuc dai (A/m?) Dung lugng (kg/A.nam)
Thép phé licu 5 10
Gang 35 0.1
Graphit 20 0.5
Chi (1%Ag; 6%Sb) 150 -
Ti
Ta + Pt 10.000 -
Nb

Tém lai, chon cach bdo vé bang protector hay bang dong ngoai phu thudc
chtl yéu vao cong trinh can dugc bdo vé. Ddi véi cong trinh nhé phuong phap dung
protector kinh té hon. Phuong phap nay ¢6 uu diém 1a dién thé bao vé phan bd déu.

Bdo vé catod bing dong ngoai dudc dung dé bao vé nhiing dién tich 16n,
nhung phuong phap nay cé thé xdy ra nguy co "qua bio vé". Nghia la, dién thé
dién cuc cuc b clia cong trinh tré nén qua Am dén ndi tdc do cta phan tng:
2H,0+2e — H, +20H" tré nén dang ké.

Cac phucng phép bdo vé trén thudng dudc dung két hop vdi cac 16p phi
cach dién, nén ving tac dung bao vé clia protector ting 1én rat nhiéu.




'CHUONG 6 -
NHUNG NHAN TO ANH HUONG PEN TOC PO AN MON

1/ Nhiing nhén t6 bén trong:
1.1. Tinh bén nhiét dong ciia kim loai:
Dién thé dién cuc tiéu chuin c6 thé danh gia gin duing tinh bén nhiét dong
clia kim loai. T8¢ do dn mon cling c6 thé tinh theo cong thiic nhu sau:
E® -E®
"R
I phy thudc vao E¢va E, tic phu thudc vao ban chat clia kim loai.

1

Vi du: - Trong mo6i trudng trung tinh Ej;; =—0.41V nhiing kim loai nao cd
dién thé dién cuc 4m hon sé bi hoa tan: Na, K, Zn, Al, Fe ...Nhiing kim loai nao c6
dién thé duong hon khong thé hoa tan: Cu, Ag, Au, Hg, ...

- Trong moéi truong axit E;; ~ 0 nhiing kim loai nao c6 dién thé dién
cuc am hon sé bi hoa tan: Zn, Al, Fe, Pb ... Nhiing kim loai nao c6 dién thé duong
hon khong thé hoa tan: Cu, Ag, Au, Hg, ... nhung khi trong dung dich c¢6 oxy hoa
tan thi Cu, Hg, Ag lai bi #n mon do su khti phan cuc oxy.

2.2. Vi tri ciia kim loai trong bang hé thong tuin hoan:

Khong phan 4nh ro nét tinh bén chung ctia kim loai vi né con phu thudc vao
tinh chit bén trong va bén ngoai nifa. N6 chi phan anh mot s tinh chét ¢ tinh qui
luat ma thoi.

Vi du: - Do bén nhiét dong clia kim loai ting t trén xudng dbi véi cac
nhom IB, IIB, VIIIB.

- Nhiing kim loai dé bi thy dong 1a nhiing kim loai thuéc nhém IVB,
VIB, VIIIB.

II/ Nhiing nhén t5 bén ngoai:

2.1.  Anh huéng cia pH:

a/Anh huéng truc tiép: d6 12 dnh hudng do céc phan dng khi phan
cuc hydro va oxy. Khi thay doi pH mot gia tri don vi thi dién thé sé thay doi
0.059V.

b/ Anh huéng gidn tiép: thay d6i pH ¢ thé hoa tan san phim in
mon hay tao thanh mang bdo vé trén bé mit dién cuc.

Ngudi ta chia thanh 3 nhom (Hinh 6.1)



L

1 pH 2 pH 3 pH
Hinh 6.1.

* Nhiing kim loai ma mang oxyt clia né hoa tan trong axit va trong kiém:
Al, Zn, Sn, Pb. Trong moi trudng axit nd tao thanh céc ion kim loai AI’*, Zn*,
Sn?*, Sn*', ...Trong méi trudng kiém tao thanh phic chat ZnO,>, AlO,, ...(dang 1).

* Nhiing kim loai ma mang oxyt cia nd hoa tan trong axit ma khong bi hoa
tan trong kiém (do tao thanh c4c oxyt khé tan): Ni, Co, Cu, Cr, Mn, Fe (dang 2).

* Nhiing kim loai ma mang oxyt ca né khong hoa tan trong axit va trong
kiém. Téc do dn mon khong phu thudc vao pH: Pt, Ay, Ti, ... (dang 3).

D6i véi mbi kim loai § d6 pH khdc nhau c6 toc do &n mon khac nhau.

Bang 6.1.
Kim loai Al Pb Sn /n Fe
Do pH dé ¢6 tdc do dn mon cuc tiéu 6.6 8 85 | 115 | 14

2.2.  Anh huéng ciia thanh phin va ndng d6 ciia dung dich mudi:

Tdc d6 dn mon dién hod phu thudc vao ban chét clia dung dich mudi hoa
tan va noéng do cta né trong dung dich.

- Muéi ¢6 tinh oxy hod lam cham tc do &n mon, cd khi ngin cin hoan toan
qua trinh &n mon do kim loai bi thy dong: KCI10;, K,CrO,, KNO,, .. Ngudc lai néu
mudi c6 tinh oxy hoa 1a chit khni phan cuc thi s& lam ting téc do dn mon: S,047,...

- Nhiing muéi c¢6 tinh axit hay bazo khi ting néng do cia nd thi pH ting
nén c6 anh hudng nhu pH: Na,CO,, AICL, ...Tuy nhién, cling c6 nhiing loai mudi
axit khi tdc dung vdi kim loai tao thanh mudi khong tan trén anod hay catod s& lam
giam téc do dn mon: MeH,PO,, Me(HPO,),, ...

- Téc d6 an mon con phu thudc vao ban chat, ndng do cla cation va anion
clia mudi hoa tan. Néu cdc anion clia mudi cé kha ning hap phu trén bé mit kim
loai lam thay déi co ciu I6p dién tich kép, lam gidm dién thé dién cuc cta kim loai



1am cho tc do dn mon gidm. Nhung néu anion c6 hoat tinh 16n sé pha vé mang
thu dong nén téc do dn mon ting.

K(mm/nam) K(mm/nam)
A KF A

KCl > ~_Kal
. MNaCl

KBr
K1 /\,__U_C_\

» »
» »

t.gian nong do
Hinh 6.2. Téc dé dan mon phu thudc vao Hinh 6.3. Toc dé an mon phu thudc
Dang anion co trong dung dich vao dang cation va nong dé ciia mudi

2.3.  Anh hudng ciia ndng d¢ oxy:
An mon kim loai trong da s cdc trudng hdp do su khif phan cuc cta oxy,
cho nén tdc do dn mon phu thudc vao tdc do hoa tan ctia oxy.
K A

»
»

6 12 18 24 cm?/1
Hinh 6.4.
2.4.  Anh hudng cia nhiét do:
Nhiét do anh hudng 16n dén tdc do dn mon. Trong dung dich dién li téc do
an mon tang khi tdng nhiét do.
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Hinh 6.5. T

2.5.  Anh huéng ciia téc do chuyén dong dung dich:

Trong cong nghiép hod chat c6 rat nhiéu thiét bi lam viéc trong méi trudng
chat dién gidi chuyén dong nhu bom, van, dudng éng, thap hip thy, hip phy, canh
khudy,... trong méi trudng nay téc do &n mon ¢ thé ting hay giam.

- Néu chat 16ng khong chiia anion hoat dong: F-, Cl, Br, I thi ban dau ting
tdc do chuyén dong cua chit 16ng thi tdc do dn mon ting, nhung sau dé gidm. Néu
ting manh téc d6 chuyén dong ctia dong chit 16ng thi téc do in mon ting.

- Néu trong chét dién gidi c6 chia cdc anion hoat dong thi khong thé nao
tao mang thu dong. Do dé, tdc do dn mon tiép tuc ting.

K K

A A

—

m/s m/s
Hinh 6.6.

2.6. Anh hudng cia dong dién ro:

R4t nhiéu thiét bj va dudng 6ng lam viéc ngdm dudi dat bi an mon do tac

v

dong cta dong dién ro (chi yéu la dong mot chiéu, dong xoay chiéu khong anh
huidng)
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vung catod vung trung hoa: vung anod (dn mon manh)
Hinh 6.7.
2.7.  Anh huéng ciia cdc nhan td khdc:
Do mot vai khau trong chi tiét khong ding qui cach, gdy nén in mon. Nguy
hiém nhét 1a c4c chd ndi, chd han, cac méi han. (Hinh 6.8.)

S

Tranh bt mai mon D& gay mai mon
Hinh 6.8.
III/ Chét lam chim #in mon: (CLC)

3.1.  Khai niém:

Chét 1am cham #n mon 13 chét khi thém vao méi trudng mot lugng nhé thi
tdc do dn mon dién hod cta kim loai va hop kim giam di rit 16n. Co céu tac dung
cta chat 1am cham 1a ngin can qu4 trinh anod va catod hay tao mang.

Theo Balezin chat lam cham c6 thé chia lam cac loai sau:

Kiéu A: Chit 1am cham tao trén bé mit hop kim mot I6p mang méng.

Kiéu B: Chét 1am chdm 1am gidm sy xam thuc clia moi trudng.

Kiéu AB: két hop hai loai trén.

Ngoai ra theo mdt sd tac gia khac chat 1am cham gdém c6 céc loai sau:

e Dua vao thanh phan: CLC vé co, CLC hiiu co.




e Dua vao tinh chét st dung: CLC trong dung dich, CLC bay hoi.
e Dua vao tinh chit méi trudng: CLC axit, CLC kiém, CLC trung tinh.
Dé danh gid CLC dya vao hai chi s6 sau:
+ Hé s6 tac dung bao vé (Z):
7Bk o)

0
K,: Téc do an mon kim loai trong dung dich chua ¢6 CLC (g/m?h).
K,: Téc do an mon kim loai trong dung dich khi ¢6 CLC (g/m?h).
+ Hiéu qua bao vé (0):
0="2%)

0

2.2.  Chatlam chim anod:

Thudng 1a nhiing chat oxy hod, nhiing chat nay ngin can qua trinh anod, né
lam thu dong hoa bé mit anod va lam gidm qué trinh anod. Nhiing CLC anod
thudng dugc si dung: Na,CrO,, NaNO,, hdn hgp ctia (NaNO, + NaCOs), ...

Vi du: Cromat hod bé mit sét, thép:

@) 0) 0) 0) 0) 0) 0) 0)
Ct Cr Cr Cr Cr Cr Cr
0) 0) 0) 0) 0) @) 0) 0)
. _______________________________________________________________________________________|
Fe Fe Fe Fe
Hinh 6.9.

3.3.  Chat lam chim catod:

Thudng 1a nhiing chét hip thu oxy, do d6 lam giam téc do dn mon do su
khti phan cuc oxy. Ngoai ra nhiing chit nay lam gidm hiéu tng cla catod hay gidm
bé mit catod. Nhiing CLC catod thudng dudc st dung: Na,SO,, Ca(HCO;),, NH,-
NH,, ZnSO,, ... Ngoai ra, cling c6 mdt s ion kim loai nhu As**, Bi** trong méi
trudng axit ching sé phong dién trén catod d€ tao thanh As hay Bi. Qu4 thé hydro
trén cdc kim loai ndy cao hon qua thé hydro trén thép.

3.4. Chatlam chim hifu co:

Ngay nay, ngudi ta da tim ra trén 3000 CLC, trong dé da sé 1a CLC hiiu co.
Téac dung clia CLC hifu co 1a hap phu 1én bé mit kim loai va lam giam t6c do in
mon.

Anh hudng chat hap phu dén tdc do dn mon do hai nhan té chinh:

+ Muic d6 bao phti bé mit bSi ion hay phan tii cia CLC hiiu co.



+ Thay d6i dién thé khi bi hap phu.
Mot sé6 CLC hitu co thudng dudc st dung trong méi trudng axit H,SO, 22%

nhu sau:
Bdng 6.2.

Tén chét Cong thiic Noéng do Z(%) 0(%)
Utrotropin (CH,)¢N, 1+1.2% 96.7+98 31+47
Thioure' (NH,),CS 0.005+0.01% 96 2425
Pyridin C;H;N 1.5+2% 40 1.7
Kaliiodua KI 0.1+1% 65 98.5
Benzidin NH,CH, 9¢g/1 87.7 96.5

3.5.  Chat lam chiam bay hoi:

Chét 1am cham bay hoi dung dé€ bao vé kim loai khi tiép kim loai dé tiép
xtc vdi khoi hodc hoi, nén dudc goi 1a CLC bay hoi. CLC bay hdi c¢é ap suét hoi
bao hoa cao, hoi clia né nhanh chéng chiém day thé tich khong gian kin, sau dé
dudc hdp thu 1én bé mit kim loai va bao vé kim loai trong mét thsi gian dai.

Nhiing dic trung quan trong cua CLC bay hoi la:

+ P, = 102+10* mmHg 6 20+25°C.

+ C6 tac dung bao vé kim loai lam viéc trong khong gian kin.

Tac dung cia CLC bay hoi:

Chét 1am cham bay hoi ¢ thé tdc dung vdi cac chit khii phan cuc, lam
gidm do 4m cta moi truong, 1am cho bé mit kim loai ghét nudc, hay ¢ thé tao
mang thu dong.

Phuong phap sit dung CLC bay hoi:

+ Cho CLC bay hoi trong khong gian kin: phong, hom kin.

+ Quét CLC bay hoi trén gidy bao géi.

Mét s6 CLC bay hoi thuong duge sit dung:

+ CLC phoétphat, loai nay thuong dugc dung dé bio vé thép, gang, crom,
niken, thiéc. Phéi liéu nhu sau:

77% NaNO, + 5.5% (NH,),HPO, + 1% Na,CO; (trong lugng)

Hén hop nay & dang bot, cho vao bao bi va ci 1m?® khong gian can 1.5kg
bot.

+ CLC bay hoi trén ¢o sé natrinitrit va benzoat.

32.5% Benzoat + 16.5% NaNO, + 1% (NH,),CO; (trong ludng)

3.6. Chatlam chiam hoa tan trong diu mé:



Chat 1am cham hoa tan trong ddu md 1a hop chét hifu co ma phén i cla né
6 cu tao tu hai phan:

+ Géc hydrocacbon c6 phan tii cao (thdng hay vong)

+ Nhém hoat dong dé bdo vé kim loai

Cong thuc chung: C .H,,.,A.

A:-OH, -COOH, -COOMe, -S0O;, --SO;Me, -NO,, -NH,.

Co ciu tac dung ciia CLC trong diu mé:

+ Ngin can su khuyéch tdn clia nudc va khi in mon qua dau md.

+ Tao trén bé mit dién cuc mang hap thu ghét nudc, khong cho nudc di qua,
khong bi nudc phan huy.

Mt s6 chat CLC trong dau m& hién nay duge si dung:

Nitro hoa m& khoang (c6 gin gbc -NO,), hdp chat hydrocacbon mach cao
6 gén cac gdc -SO;, -NO,, -NH,, hodc hén hop modt sé md ¢d nhiéu gbc hoat dong
thi hiéu qua bdo vé cao hon so vdi don chét.



CHUONG 7
LOP PHU BAO VE

L6p phti bao vé 1a mot trong nhiing phuong phap phd bién nhét hién nay dé chong
an mon kim loai.
C6 ba loai 16p phul bao vé:

e Ldp pht kim loai

e Ldp pht phi kim loai

e Ldp phil bing cac hop chat hod hoc.
A. Lop phu kim loai:
I. Co cau:

1.1.  Ldp phu anod:
Dién thé kim loai phli 4m hon kim loai chinh, do dé kim loai phd déng vai tro
anod clia pin &n mon. Vi du : Zn, Sn, Cd, ... 1én trén nén sét, thép.

1.2.  Ldp phu catod:
Dién thé kim loai phd ducng hon kim loai chinh, do d6 kim loai phd déng vai tro
catod va kim loai chinh déng vai tro 13 anod. Do dd, mudn bao vé kim loai chinh
16p phi phai ddm bao cac yéu cau:

- Bén trong mdi trudng in mon.

- Sit chic, khong c6 15 xdp, khong c6 vét niit.

- Bam chic vao kim loai chinh.

Vi du: Cu, Cr, Ni 1én trén nén sit, thép.
II. Phuong phap phi:

2.1. Phuong phap dién: st dung ngudn dién mot chiéu
Ban chét clia phucng phap nay 1a két tia dién hoa tii cac kim loai khac.

|
R +|I_
A

/n Fe

Hinh 7.1.



2.2. Phuong phap nhiét:
Ban chét clia phuong phap nay 1a nhung kim loai cin bao vé vao kim loai khac &
dang néng chay va kim loai ndng chay bam 1én bé mit kim loai can bdo vé.
Nhiing yéu ciu co ban dé tao thanh 16p ph:
- Kim loai néng chdy cd kha ning thim udt va dang déu trén bé mit kim loai can
bao vé.
- Tao thanh hgp kim gitia hai kim loai.
- Nhiét d6 néng chay thap hon kim loai can bio vé.
* Uu diém: don gian, ning suit cao.
* Nhupc diém:
+ Chiéu day 16p pht khong 6n dinh, phu thudc vao nhiét d6 va thoi gian nhing.
+ Tiéu hao kim loai kh4 16n (1am viéc G nhiét do cao nén kim loai dé bi oxy hod)
+ Ldp phti khong déu, khong bing phing
+ Khong thé thuc hién dugc véi cac chi tiét phiic tap (15, khe)
2.1.1. Nhung kem:
Zn c6 dién thé 4m hon Fe nén c6 thé bao vé sit khéi dn mon trong khong khi va
trong nudc.
a. Cdc budc tién hanh:
- Ty ddu m& trong dung dich 6-10% NaOH, 2-5% Na,PO, & 80°C.
- Tay gf hoa hoc trong dung dich 5-10% H,SO, thdi gian 30-35' (c6 thé tdy gf dién
hoad)
- Hoat dong hoa bé mit Fe trong dung dich 0.5-3% HCI hay trong dung dich
NH,CI da acid hoa.
- Tr¢ dung hod bé mit kim loai.
- Say & nhiét do 120-200°C.
- Nhung vao dung dich Zn nong chay.
b. Vai tro ciia chit tr¢g dung:
Muc dich cta cong doan nay 1a lam sach cdc chét ban trén bé mit kim loai dé
tranh cho kim loai khdi bi oxy hod va lam cho kim loai thAm uét tot véi kim loai
nong chay.
Chét trg dung chia lam hai loai:
* Tro dung uot. 42-43% NH,CI + 13-14% ZnO + 42-43% ZnCl,.
Chat tr¢ dung néng chay trén kim loai ndng chdy.
Céc phan ting c6 thé x4y ra nhu sau:
- Khi chét tr¢ dung tac dung véi Zn ndng chiy:
Zn + 2NH,CI — Zn(NH;),Cl,



Zn(NH;),Cl, — ZnNH,Cl, + NH,;
- Oxyt st bi khti theo phan tng:

FeO + NH,CI — FeOHCI + NH,4

FeOHCI + ZnNH;Cl, — FeCl, + ZnOHCI + NH,
ZnOCI dong vai tro chinh trong viéc thim udt bé mit Fe. Vi vay, ZnCl, ¢6 vai tro
quan trong trong chat trg dung vi:

ZnCl, + H,0 —> [Zn(OH),CL]H,
- Ngoai ra cé cdc phan ung sau:

FeCl, + Zn — ZnCl, + Feld

ZnO + 2NH,CI — ZnCl, + 2NH; + H,0
* Tro dungkhd: 50% ZnCl, dugc hoa tan trong thiét bi riéng, trudc khi nhing Zn,
cho kim loai Fe nhing vao ZnCl,, sau d6 sdy kho, nhing vao Zn néng chay.

2.1.2. Céu tao ctia 16p Zn:
Nhing Fe vao Zn ndng chdy tao thanh 16p phll Zn. Lép pht nay ¢ nhiéu 16p, qua
nghién ctiu c4u tao ctia nd ¢ thé chia lam 6 16p:
- Ldp o 12 16p dung dich ran chua khodng 95% trong lugng Fe.
- Ldp y. c6 dang FesZn,, hay Fe;Zn,, chiia khoang 18-20% trong hiong Fe.
- Lap &. co dang FeZn, chua 7-12% trong lugng Fe.
- Lop o co dang FeZn13 chia 6% trong lugng Fe.
- Ldp 77: ham lidng Zn kha nhiéu, ham lugng Fe chi con 0.003%.
- Lép & 13 16p trung gian gitia 16p 77 va 16p o. Lép nay don 1am gidm do bén cda
16p phu.
Ldp n +o: chiéu day clia I6p Zn chiém 50-60% chiéu day ctia 16p phu.

2.1.3. Anh huéng clia nhiét d va tap chit:
* Anh hudng ciia nhiét dg: nhiét do cang cao 16p phli cang méng, chidu day clia
16p 77 cang nhd, nén Zn bi oxy hod cang cao gay ton that 16n. Ngudc lai, nhiét do
cang thap chiéu day I6p pht cang 16n, nhung 16p phti it bing phing va khé thao
tac.
Thong thudng khdng ché nhiét d6 khoang 435-470°C.

* Anh hudng ciia tap chdt: Al 1a nguyén té kha quan trong, néu trong Zn
néng chay cé khoang 0.2-0.4% Al thi du phuong phdp trg dung udt hay kho déu
cho 16p Zn béng. Nhung néu ham lugng Al nhiéu hon s& lam thay ddi tinh chét co
hoc cua 16p phd.

Tang ham lugng Al thi chiéu day cla 16p o sé gidm, 1am cho chiéu day chung
giam. Khi ham lugng Al dat dén mot gidi han nao do6 thi Idp trung gian bién mét
va néu ham luong Al vudt qua 0.4% thi AICl; dudc tao thanh va lam can tr§ phan



ting gitia Fe va Zn. Ngoai ra, cdc tap chat khac nhu: Pb, Cd, Bi cling 4nh hudng
dén chiéu day cta 16p phi Zn.
2.1.4. CAu tao ciia thung nhing Zn:

N /

N,

Hinh 7.2.
1. Lép Zn ndng chdy; 2. Chét trg dung nong chay; 3. Lép Pb ndng chay
4. Vat trang; 5. V4 thung (bing thép c6 16t 16p gach samdt)
2.2. Nhuing thiéc: (doc tai liéu)
B. Lép phi phi kim loai:
C6 hai loai phé bién hon c4 1a son va trang men.

I. Trang men:
Dung dé€ bao pht cdc thiét bi phan ting ¢d v6 boc gia nhiét, thap hap thu, éng trao
d6i nhiét (rudt ga), ...

1.1.  Co ciu bdo vé ciia 16p men:
Ldp men bam chic vao kim loai, hoan toan khong c6 16 xép. Nudc va khong khi
khong thé thdm qua dudc. DO bén cia kim loai chinh 1a d6 bén clia 16p men. Kim
loai dugc trang men ¢6 nhiing uu, nhuge diém nhu sau:
* Uu diém:
- Lép men tuong déi bén trong moi truong xam thuc: khi quyén, dung dich mudi
trung tinh, trong nudc, trong acid ¢4 tinh oxy hod, kiém yéu.
- Giti vé dep va 6n dinh trong mot thoi gian dai.
- Cong nghé trang men don gian, nguyén liéu dé tim.
* Nhuoc diém:
- Khong thé bée 16p pht ra dugce, do d6 khi 16p men hu thi khong thé phuc héi chi
tiét nhu ban dau dugc.
- Lép men dé v do tac dung co hoc.



- Khong thé thyc hién dudc cho cac chi tiét phic tap.
- trong mdi trudng kiém manh, hodc moi trudng HF 16p men sé bi pha huy:
Si0, + 2NaOH —> Na,SiO; + H,0
Si0, + HF — SiF, + 2H,0
1.2.  Nguyén liéu san xuit men: ¢S 2 nhém chinh
* Vit lidu tao thanh thuy tinh: cat thach anh 1a vat liéu chinh dé sin xuét ra men.
Thanh phan SiO, chiém tii 95-98.8%, nhiét do ndng chay cao 1600-1700°C, cho
nén can phai thém mat sé chat phu gia.
* Cdc chdt phu gia: tuy thudc vao tinh chit clia men ma cho céc chét phu gia khac
nhau:
- Ha thap nhiét do néng chay dung Na,O.PbO
- Men bén hoa thém céc loai oxyt B,0;.PbO
- Anh hudng hé s6 gian nd nhiét thém Na,0.K,0
- Chét 1am duc CaF,, 3NaF.AlIF; (criolit Na,AlF)
- Chét oxy hoa dé oxy hoa cacbon & dang ban: NaNO;, KNO;, MnO,.
- Chét tao mau:
Pb,Pb,0, : mau vang
C,0 + Cr,0; : mau xanh nudc bién
Cr,0, : mau xanh 1a cay
1.3. Trang men:
* Men nén: phai ddm bao men bam chic vao kim loai, khong cho kim loai tac
dung vdi méi trudng xam thuc. Chiéu day cta 16p men nay 0.1-0.2 mm.
* Men ngoai: trang tri va bén co hoc.
Trang men c6 thé dung hai phucng phap udt hay kho.
I1. Son:
Son 1a loai chat 16ng dudc ciu tao i chét tao mang va mot sd chit hoa tan trong
dung mdéi d& bay hoi. Tuy thudc vao chit tao mang ma co nhiéu loai son khdc
nhau.
2.1.  Vai tro cia lép son:
- Chéng gi
- Trang tri
- C4ch dién, son chiu nhiét, chiu ha, chiu acid, chju kiém, chju xung dau.
2.2.  Yéu c4u ciia mang son:
- Son phai bam chic vao kim loai nén.
- Phéi 6n dinh hod hoc
- Khong tham nudc, tham khi, khong bi nudc phan huy.



- Phai cham 130 hoa.

2.3.  Thanh phin mang son:

* Chdt tao mang: 1a thanh cht yéu, chit tao mang ¢4 thé 1a: diu thdo moc, nhya
thién nhién, nhua tong hop.

* Dung méi: chit 16ng d& bay hoi, dung dé hoa tan chét tao mang.

* Bot mau: cac oxyt kim loai min hodc cac bot mau hiiu co, khong hoa tan trong
nudc, c6 tidc dung 1am cho mang son nhin, cé mau dep, cé do bén co hoc cao.
Lugng bot mau chiém khoang 10% trong lugng son.

2.4. qua trinh gia cong mang son:

- X li bé mit trudc khi son

- Chon son

- Cac 16p son

+ Son nén: 1am cho bé mit khong gi va 1am nén

+ Son 16t: lam phing bé mit 16p son nén

+ Son phu: tuy theo yéu cau va tdc dung ma chon son.
- Sy kho mang son.
C. Lép phi hop chit hos hoc:
I. Oxy hoa va nhuém mau kim loai:

1.1.  Oxy hoa kim loai den:

DE bao vé kim loai den khdi 4n mon thudng ngudi ta tao trén bé mit kim
loai do mot 16p oxyt theo phuong phap hoa hoc hay dién hoa. Phuong phap dién
hod it dudc sti dung va khong dudc dé cap trong phan nay.

a. Oxy hoa theo phuong phap hoa hoc:
Qué trinh nay thudng dudc tién hanh trong dung dich kiém dic coé chida cdc chét
oxy hoa.

Phuong phap hoa hoc dugc dung phd bién hon phucng phép dién hoa.

Co ciu tao mang oxyt nhu sau:

- Hoa tan Fe trong kiém tao thanh mang oxyt (mudi oxyt thap):
Fe — Na,FeO,

- Oxy hoa muéi oxyt thap thanh mudi oxyt cao:
Na,FeO, — Na,Fe,0,

- Téc dung hai mudi trén tao oxyt sit tu:
Na,FeO, + Na,Fe, O, — Fe;0,

- Thuy phan mudi oxyt cao:
Na,Fe,0, + (m+1)H,0 — Fe,0;.mH,0

- Khi hydrat hoa mét phan:



F6203.mH20 —> F6203.(m _1)H20
Cac giai doan trén cd thé dugc tong quat nhu sau:
Fe — Na,FeO, » Na,Fe,O0, - Fe,0;,mH,0 — Fe,0;.(m -1)H,0
Npeo. |
(mang oxyt) (bun mau dé két tia trén ddy thung)

CAu tao mang va chiéu day mang phu thudc vao téc do tao thanh trung tam
két tinh va téc do phat trién mang. Néu téc do tao trung tam két tinh 16n hon téc do
phat trién mang (ndng do chit oxy hod cao) thi mang tao thanh nhanh, sit chic,
nhung méng. Ngudc lai, Néu téc do tao trung tam két tinh bé hon téc do phat trién
mang (néng do kiém cao) thi mang tao thanh day nhung xdp.

Chat oxy hoa dudc st dung & day 1a cdc mudi nitric va nitrat. Dung mudi
nitric cho mau xanh sang, con mudi nitrat cho mau den.

Bdng 7.1. Thanh phdn va ché dp oxy héa
STT | Thanh phan Ché d6 oxy hod
NaOH 700-800 g/1 138-140°C
1 NaNO; |200-250 g/l (khi nhung) | 20-120 phut
NaNO, | 50-70 g/l 142-146°C
(khi 14y ra)
NaOH 1000-1100 g/1 | 145-150°C
2 |NaNO, |130-140 ¢/l | (khinhing) |60-90 pht
160-165°C
(khi 13y ra)

Dung dich 1 cho mang oxyt bong, dung dich 2 cho mang oxut mag.
Ngoai ra ¢ thé tién hanh oxy hod kim loai den trong dung dich acid H;PO, thi cho
mang oxyt tot hon vé ca tinh chat co hoc va do bén lién két, dd bén dn mon so vdi
dung dich kiém. Dic biét, qua trinh nay c6 thé tién hanh oxy hod cho ca kim loai
den va kim loai mau. Qua trinh tién hanh nhanh, it tén nhiét lugng.



Bdng 7.2. Thanh phan va ché do oxy héa

Cau ti¥ Thanh phﬁn (g/) Nhiét do Thoi gian
H;PO, 4-10 4-10 2-10
Ca(NO;),.4H,0 | 70-100 - -
Ba(NO,), - 70-100 70-100 100°C 40-45 phut
MnO, 1.0-2.0 1.0-2.0 1.0-2.0
Ni - 8-10 -
Fe(H,PO,), - - 30-40
Mn(H,PO,),
1.2.  Oxy hoa Kkim loai mau:

DE bao vé va trang tri kim loai mau, ngudi ta thudng tao trén bé mit kim loai do
mat 16p oxyt theo phuong phap hoa hoc hay dién hoa.

1.2.1. Oxy ho4 dong:

Oxy hoa ddng dé chéng in mon, trang tri trong cong nghiép va thiét bi quang hoc.

Mang oxyt tao thanh day khoang 1pum, ¢6 thanh phan chi yéu 1a CuO.

a. Oxy hoa theo phuong phap hoa hoc:

Thanh phan va ché do oxy hoa nhu sau:

NaOH
K,S,04

Nhiét do
Thdi gian

va c6 thé oxy hoa cac loai hop kim ctia Cu.

60-65°C
5 phut

b. Oxy hoa theo phuong phap dién hoa:
Mang oxyt tao thanh day khodng 1-2pum, c6 d6 bén co hoc va do bén dn mon cao

Thanh phan va ché do oxy hoa nhu sau:

NaOH 100-250 g/1
Nhiét do 80-90°C (Cu)
60-70°C (ddng thau)

i, 0.5 A/dm?
Dién thé 2-6 Volt
Thdi gian 30 phut

Dé oxy hod va nhuém mau vang cia dong, ngudi ta khong st dung dong

dién ngoai ma chi cho Cu tiép xic véi Al. Gitta Cu va Al s& xuat hién mot hiéu

dién thé.

Thanh phan va ché d6 oxy hoa:



CuSO, 50 g/l

NaOH 35 ¢/l
C,H,0, 30 g/l
pH 9.2-9.6
Nhiét do 20-32°C
Thdi gian 7 phut

Ti 16 bé mit Cu:Al = 4:1

Dung dich khac nhau cho mau khac nhau va thdi gian khac nhau cing cho
mau khac nhau.

1.2.2. Oxy hoa nhom:
a. Oxy hoa theo phuong phap hoa hoc:

Oxy hod Al theo phuong phap nay, chiéu day mang oxyt Al dat dugc khong
cao khoang 0.5 - 1um va c6 do bén kém.
Thanh phan va ché d6 oxy hoa:

Na,CO; 50 g/l
NaOH 2-2.5 ¢/l
Na,CrO, 15 g/l
Nhiét do 80-100°C
Thoi gian 5-30 phut

b. Oxy hoa theo phuong phap dién hoa:

- Co cdiu tao mang oxyt:
+ Qua trinh anod:

Al > AP+ 3e (1)

OH — 0, + H,0 + 4e )

Qua trinh nay c6 thé chia lam nhiéu giai doan:

20H — 0 + H,0

0* >0 +e

O 50 +e

20 50,

2A1 +30% - ALO, 3)

2A1+30 - ALO, &)
+ Qua trinh catdt:

H" +2e — H, (5)

Nhom khi méi cho vao dung dich dién 1i ¢6 thé x4y ra phan ting sau:
2Al +3H,80, —> Al(SO,), + 3H, 6)



Mang dudc hinh thanh sé tac dung véi dung dich dién li:
Al,O; + 3H,SO, —> Al(SO,); + 3H,0 (7)

- Co cdiu phdt trién mang oxyt va hinh thanh cdc 16 xép:

Qua trinh tao mang oxyt xdy ra theo phan ting (3) va (4). Ldp oxyt nhom
mdi hinh thanh méng sit va chiéu day hdu nhu khong thay d6i. Khi di tao mang
oxyt thi cling ton tai hai qua trinh 1a phat trién mang va hoa tan mang (phan tng
7). Qué trinh hoa tan nay d€ lai trén bé mit 16p oxyt nhom nhiéu 16 xdp, lic nay
oxy nguyén tii va ion oxy khuyéch tan qua mang dudi day cac 16 xdp dé dé tiép tuc
oxy hod nhom. Ldp oxyt mdi lai duge hinh thanh, 16p nay ndm gitta bé mit phan
chia kim loai va oxyt, phan nay s& phat trién v& moi hudng 1a lam cho I6p oxyt day
thém. Mit khac, trén day 15 x6p phia ngoai mang sé xay ra qua trinh hoa tan mang
oxyt. Hai qud trinh x4y ra dong thdi va canh tranh nhau. Néu téc do phat trién
mang 16n hon tdc do hoa tan mang thi 16p oxyt day sé dudc tao thanh. Ngugc lai,
tdc do phat trién mang nhé hon hodc bing tdc do hoa tan mang thi I6p oxyt sé
khong dugc tao thanh hodc bi hoa tan.

Tom lai, 16p oxyt bao gdm hai 16p: 16p trong cting mdng sit, 16p ngoai day
c6 nhiéu 15 x3p (chinh 15 x&p 1a cdc trung tAm phat trién mang).

Ngoai ra, trén thanh céc 15 xdp ngoai ciing ¢6 ¢4 phan ting hydrat:

ALO; + H,0 —» AL,0,.H,0 (8)
Hay AlO,;+3H,0 - Al,0,.3H,0 9)
Va cung co qua trinh hoa tan:

Al,0,.nH,0 + 3H,SO, — Al,(SO,); + (n+3)H,0 (10)

Chu y:

- Su phat trién mang oxyt phu thudc vao tf 18 tdc do cua hai qua trinh dién
bién dong thdi: sy hinh thanh mang nhd oxy hod dién hod va hoa tan mang do tac
dung ctia chit dién li.

- Téc d6 tao mang dudc xdc dinh bing mat do dong (i, cao tao mang
nhanh). Téc do hoa tan mang phu thudc vao ban chit va nhiét do cla dung dich
dién li (nhiét do cao, téc do hoa tan mang 16n).

- Thanh phén va ché dj oxy hod:

C6 thé st dung nhiéu loai chét dién li khac nhau tuy thudc vao muc dich st
dung mang oxyt, nhuing thong thudng ngudi ta hay su dung dung dich H,SO, lam
chat dién li.

Dong dién st dung ¢ thé 1a dong xoay chiéu hay mot chiéu, nhung dung
dong mot chiéu cho mang oxyt cting, sit hon.



Bdng 7.3. Thanh phan va ché do oxy héa

Thanh phan va ché do Dong mot chiéu Dong xoay chiéu
H,SO, (g/) 180-200 125-130
Nhiét do (°C) 15-23 12-25
i, (A/dm?) Al 1.5-2 1.5-2
i, (A/dm?) Dura 0.8-1.2 1.5-2
Dién thé (Volt) Al 12-13 21-28
Dién thé (Volt) Dura 13-28 19-26
Thdi gian (phut) 40-50 40-50 (Al)

30-40 (Dura)

Chii y: mudn c6 mang oxyt day, chiu mai mon phai oxy hod trong dung dich lanh
1+3°C, i, =2+2.3 A/dm?, théi gian = 3+4 h.
1.2.3. Nhuém mau nhém va hgp kim nhom:

Do mang oxyt c¢6 nhiéu 16 x0p nén c¢é kha ning hap phu cdc chit mau hifu
cd, vo co, doi khi cac chdt mau nay tac dung véi mang oxyt tao thanh cac hgp chét
hod hoc. Ngoai ra, cdc phan ting tao mau ¢ thé xay ra trén 16 xdp lam cho mang
oxyt cO mau.

Vi du: muén nhuém mau vang da cam cho nhém, ngudi ta nhung mau
nhom da andt hod vao dung dich 5+10g/l K,Cr,0, thdi gian khoang 30 phut, rtia
sach, sau do dem nhung vao trong dung dich 50+100g/l AgNO; clng trong thdi
gian 30 phut. Mau clia mang oxyt sé xuat hién do phan tng sau

K,Cr,0, + AgNO; = Ag,Cr,0,4 + 2KNO,
vang da cam

Bdng 7.4. Thanh phdn dung dich khi nhuém mau cdc hop chdt vo co.

Mau Dung dich 1 Dung dich 2 Hop chat
nhudém Mubi Noéng do Mubi Noéng mau
g/ do (g/l)

Xanh FeCl, 10-100 | K,Fe(CN), 10-50 | Xanh da troi
Da luong | CuSO, 10-100 | K,Fe(CN); 10-50 | CuFe(CN),
Vang Pb(CH,COO), | 100-200 | K,Cr,0, 50-100 | PbCr,0;,
Tring Pb(CH,COO0), |10-50 | Na,SO, 10-50 | PbSO,
Vang anh | Na,SO, 10-50 KMnO, 10-50 | MnO
Den Co(CH;CO0), | 10-100 | KMnO, 15-25 | CoO




Bdng 7.5. Thanh phan dung dich khi nhuém mau cdc hop chdt hitu co.

Tén chit mau Néng do (g/1) pH Nhiét do (°C)
Alizarin vang 5 50
Vang da cam cho nhom | 1-3 4-5 20-25
Mau tim cho nhém 1 4-7 50-60
Vang 53 cho nhom 1 6-7 50-60
Xanh cho nhdm 1 3-4 50-60
Alizarin d6 2 50-60

1.2.4. So¢ dd mach:

Pb Al Pb

H,SO,

Hinh 7.3.
II. Phét phat hoa kim loai:

La tao trén bé mit kim loai mang phét phat khong tan bam chic véi kim
loai nén. Mang phdét phat khong chiu dudc trong dung dich axit va kiém manh. G
nhiét do cao (400-500°C) mang phét phét ciing khong chiu dudc 1au.

2.1.  Phét phat hod néng:

2.1.1. Phét phat hod thuong:

Nhung miu thép vao dung dich mudi phét phat & dang hoa tan, thusng si
dung 1a muéi Majef: Mn(H,PO,),.H,0, Mn(HPO,), Fe(H,PO,), hay monophotphat
Zn. C6 dang téng quét nhu sau: Me(H,PO,),

Mudi nay & nhiét do thudng bi phan huy nhung khong dang ké:

Me(H,PO,), < Me(HPO,)+ H,PO, (1)

Dun néng s& phan huy triét dé hon:



4Me(H,PO,), < Me(HPO,) + Me,(PO,), +5H,PO,  (2)
Khi nhung thép vao dung dich phot phat sé xay ra hai qu4 trinh sau:
* Qud trinh andt:  Fe — Fe**
* Qud trinh catét:  2H* +2e — H,
Ion H* do sy phan li cua H;PO, ty do hay do cac phan ting sau:

Me(H,PO,), < Me* +2H,PO; (3)
H,PO; < H* + HPO “4)
HPO; < H' + PO;" Q)

Két qua 13 I6p dung dich gan sat bé mit mau thép giau ion Fe?' cling nhu
cac ion HPO, va PO,>. Tich s tan cta FeHPO,, MnHPO,, cling nhu Fe;(PO,),,
Mn,(PO,), rat nhé. Do vy, 16p dung dich gan sat bé mat mau thép dat dén qua bao
hoa va két tinh 1én bé mt thép tao thanh 16p pht phdt phat theo phan ting:

Fe** + HPO; = FeHPO, (6)
Mn* + HPO; = MnHPO, (7)
Zn** + HPO, = ZnHPO, (8)
3Fe* +2P0; = Fe,(PO,), 9)
3Mn* +2PO; = Mn,(PO,), (10)
3Zn*" +2P0O; = Zn,(PO,), (11)

Thoi gian phét phat hod khoang 35-50 phut, nhiét do dung dich duy tri
khoang 96-98,C. Nhiét do cao, mudi sé bi phan huy theo phan ting (1) va (2). Do
dS, MeHPO, va Me,(PO,), c6 thé két tia 1én bé mit thép va ci ngoai dung dich.
Ngudc lai, néu nhiét do thap thi thdi gian phét phat hod sé kéo dai.

Thdi gian, chiéu day, cdu tric clia 16p phét phat hod phu thudc vao cac yéu
td sau:

- Kim loai.

- Phuong phép gia cong bé mit trudc khi phét phat hoa.

- Nhiét do.

- Tap chit c¢6 trong dung dich (SO,>, CI)

- Ti s6 axit chung va axit ty do.

e D¢ axit tu do duoc xac dinh bing phép chuidn do véi metyldacam. Cu

10ml dung dich thi mat 3-4ml NaOH 0.1N

e D¢ axit chung dudc xic dinh bing phép chuin do véi phenolphtalein.

CU 10ml dung dich thi mat 28-30ml NaOH 0.IN



Luong dung dich NaOH 0.1N chudn nay dugc biéu thi bing diém. Vi vay,
chi s8 axit chung 28-30 diém va chi s8 axit tu do 3-4 diém.
Thanh phén va ché do lam viéc:

Majef 32¢g/1
Nhiét do 98-100°C
Thdi gian 40-65 phut

Axit chung/Axit ty do 7-8
2.1.2. Phét phit hod nhanh:

Dé giam thoi gian phét phat hoa xudng con 10-15 phit, ngudi ta thém vao
dung dich phdt phat cdc chat khii phan cuc: mudi bisunphit, sunphit hay cdc hdp
chét hitu co: hydroxylamin, nitrobenzen, thioure'.

2.2.  Phét phat ho4 lanh:

La phét phat hod & nhiét do thudng, khong ton nhiét ning, khong can khdong
ché nhiét do mot cach nghiém ngit. Tuy nhién, mang phdt phat thu dudc mdéng
thuong dudc dung 1am nén cho 16p son.

Thanh phén va ché do lam viéc:

Dung dich 1:
Majef 35-45¢g/1
Zn(NOy), 70-90g/1
NaF 4-6g/1
Thoi gian 20-40 phut
Axit chung/Axit ty do 10-13
Dung dich 2:
H;PO, 35-45¢/1
Zn0O 15-17¢g/1
NaNO, 4-6g/1
Thoi gian 15-20 phut

pH 2-3



PHU LUC

PON VI & CACH TINH TOC PO AN MON:

Tdc do dn mon dudc tinh bing mils (1mils = 0.001 inch; linch = 2.54cm)
tiic 1a mic do xuyén thing trén mot nim (MPY: penetration per year) c6 thé
tinh theo cong thtic sau:

534: hing s

W: khéi lugng mét di (mg)
D: i khéi (g/cm?)

A: dién tich miu (cm?)

T: thoi gian (h)

IMPY = 0.0254 mm/nim = 25.4 pm/nam = 2.90 nm/h = 0.805 pm/s
Im = 10> mm = 10° ym = 10° nm = 10> pm

Bdng 8.1. D6 bén dn mon

P§ bén &in mon MPY
Khéng bi &n mon <1
Dac biét 1-5
Tot 5-20
Kh4 tot 20-50
Kém 50-200
Khong chip nhan dugc >200
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MUC LUC

CHUONG 1: MO DAU

I1I.
IV.

Tinh hinh 4n mon va bao vé kim loai clia thé gidi va Viét Nam.
Dai cuong dn mon

2.3.  Dinh nghia

2.4.  Phan loai

CHUONG 2: AN MON DIEN HOA

V.

VL

VIIL

VIIL

Khai niém

5.1.  Gidi thiéu

5.2.  Phan ung dién hoa

5.3.  Dinh luat Faraday

Dién thé dién cuc

6.1. Ldp dién tich kép

6.2. Nguyén nhan xuét hién I6p dién tich kép

6.3. Cac loai dién cuc so sanh

Phuong trinh dong hoc co ban cua qua trinh dién cuic

7.1.  Ning lugng hoat hoa tu do

7.2.  Qua trinh phan cyc hoat hda & trang thai can bing

7.3.  Qua trinh phan cuc hoat hda & trang thai khong can bing
Dong hoc cac qua trinh dién cuc

8.1. Phan ung dién cuc bi khdng ché béi giai doan chuyén dién tich
8.2.  Phan tng dién cuc bi khdng ché béi giai doan khuéch tan
8.3.  Su phan cuc lién hgp

CHUONG 3: LY THUYET AN MON HON HGP

V.
VL
VIIL

VIIL

Co cdu 4n mon dién hda

Diéu kién nhiét dong cla qua trinh in mon
An mon véi su khif phan cuc hydro va oxy
7.1.  Anmon véi su khii phan cuc hydro
7.2.  An mon véi su khi phan cuc oxy
Ly thuyét dién thé hén hop



CHUONG 4: GIAN DO DIEN THE - pH (GIAN BO POURBAIX)

V. Gidi thiéu

VI.  Gian db E-pH cta nudc sach § 25°C
VII. Gian do E-pH ctia hé Fe-H,0 6 25°C
VIII. Coéng dung cua gian dé E-pH

CHUONG 5: THU DONG HOA VA PHUONG PHAP BAO VE DIEN HOA

IV.  Thu dong hoa kim loai
4.1. Khai niém
4.2.  Dong hoc cua qua trinh thy dong hda kim loai
43. Bao vé andt

V.  Bdo vé dién hda bing cach thay d6i dién thé dién cuc
5.1.  Khai niém
5.2.  Bdo vé bing Protector
5.3.  Béo vé biang dong dién ngoai

CHUONG 6: NHUNG NHAN TO ANH HUGNG PEN TOC PO AN MON

III.  Nhiing nhan t3 bén trong
1.1.  Tinh bén nhiét dong clia kim loai
1.2. Vi tri cta kim loai trong bang hé théng tuin hoan
IV.  Nhiing nhan t6 bén ngoai
2.1.  Anh hudng ctua pH
2.2.  Anh hudng thanh phan va ndng do clia dung dich mudi
2.3.  Anh hudng ctia ndng do oxy
5.4.  Anh hudng cia nhiét do
5.5.  Anh hudng cta téc do chuyén dong cia dung dich
5.6.  Anh hudng cta dong dién ro
5.7.  Anh hudng ctia cdc nhan t6 khac
VI.  Chit 1am chdm #n mon
6.1. Khai niém
6.2. Chat lam cham anét
6.3.  Chat lam cham catét
6.4. Chat lam cham hiiu co



6.5. Chat 1am cham bay hoi
6.6. Chat lam cham hoa tan trong diu mé

CHUONG 7: LOP PHU BAO VE

A. Ldp pht kim loai
II.  Cocéu
3.1. Ldp pht andt
3.2.  Ldp pht catdt
IV.  Phuong phap phu
4.1.  Phuong phap dién
4.2. Phuong phap nhiét
B. Ldp phu phi kim loai
II.  Trang men
3.1. Co cau bao vé cta 16p men
3.2.  Nguyén liéu san xuit men
3.3. Trang men
IV. Son
4.1.  Vai tro cla 16p son
4.2.  Yéu cau clia mang son
4.3.  Thanh phan clia mang son
4.4. Quatrinh gia cong mang son
C. Lép phti cac hop chat yhda hoc
III.  Oxy hoa va nhuém mau kim loai
3.1.  Oxy hoa kim loai den
3.2.  Oxy hoa kim loai mau
IV.  Phét phat hoa kim loai
4.1. Phét phat héa nong
4.2.  Phét phat héa lanh
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