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MO DAU

Ly do chon dé tai

Nhém 1a nguyén liéu phd bién dung cho cong nghé san xuit cac linh kién
phu ting trong 6 t6 va xe may. Uu diém ctia nhém 13 chung c¢6 hinh thirc dep, nhe,
gia thanh thap. Tuy nhién, nhom van c6 mot sé nhuoc diém d6 1a d6 cung thap,
kha nang chiu dn mon con thap. Dé dap tng dugc thi hiéu cia ngudi tiéu dung thi
bé mit nhom can duge xur ly. Co nhiéu cach cai tién tinh chit cia nhom dé dap
tmg duoc thi hiéu ngudi tiéu dung nhu st dung k§ thuat anode hod, son ph, tao
hop kim...

Nhén thay tng dung ngay cang gia tang ciia nhdm cho cac san pham trong
nganh coéng nghiép phu tro dic biét 1a nhimg doanh nghiép san xuét linh kién -
phu kién 6 t6 va xe may xuét khau, cho nén dudi su hudng dan cta TS. Nguyén
Thi Thanh Huong, t6i thyc hién nghién ciu “NGHIEN CUU PHAN TiCH
PANH GIA PQ BEN AN MON CHO LOP MANG ANODE NHOM CO
CHUA NANO SILICA UNG DUNG TREN CAC LINH KIEN PHU
TUNG O TO XE MAY«

Muc dich nghién ctru

Phan tich, x4c dinh duge d6 bén dn mon cua 16p mang anode nhom thy dong
trong dung dich niken acetate (NK) va niken acetate-nanosilica (NS).

Noi dung nghién ciru

- Lua chon céc diéu kién thich hop dé ché tao dung dich thu dong c6 chira
nanosilica

- Ché tao mau anode nhém thy dong trong dung dich niken acetate (NK)
va niken acetate-nanosilica (NS).

- Thir nghiém gia téc phun mudi trung tinh mau anode nhom thy dong NS,
NK.

- Danh gid do bén dn mon cua mau anot hoa thu dong trong dung dich niken
acetate (NK) va niken acetate-nanosilica (NS) bang phwong phéap do tong tré dién
hoa.

Co sé khoa hoc va tinh thue tién cia dé tai

- Nhiéu lién két kim loai s& yéu di sau qué trinh oxy ho4, trir nhém. Nhom
s& thé trd nén cung hon va bén hon sau khi trai qua mot cong doan dugc goi la
“anodizing” (dién phan cac anode). Anodizing bao gdm cong doan nhiing nhom

vao bé anodized. Tam nhom s€ trd thanh tap hop cia cac anode cuc duong va bé



hoa chét 13 tap hop cta cac cuc am. Dong dién chay qua bé anodized, 1am oxy hoa
bé mit ctia nhém. Bé mit oxy hoa tao thanh mét 16p vo boc ctiing thay cho 16p
nhom thong thudng & bé mat tim nhom. Két qua cta qua trinh nay cho ra doi mot
loai lién két nhom cuc manh go1 la nhom anode (anodized aluminium).

- Qua trinh anodizing c6 thé tang chiéu day cua 16p oxide 1én ¢& micromet
16p anode kha mong dé bi t6n hai trong qua trinh lam viéc. Dé ting do bén gitr va
d6 on dinh cho cau tric mang oxide ctia 16p anode, ngudi ta dung niken acetate
pht bén ngoai 16p oxide tao thanh sau khi két thic qua trinh anode. - Ty 18 di tng
v6i niken & nit gidi chiém khoang 15% - 17% va nam gidi 1a khoang 3%, chi phi
cho hoa chat nay rat cao, thoi gian. Do vay, nghién ciru nang cao do bén an mon
cho 16p mang anode nhom- ¢6 chira nano silica 1a mot nghién ctru rat trién vong
dé thay thé cho niken acetate, giam gia thanh san pham.

Nhirng dong gop cta luan van

- Ché tao thanh cong dung dich thu dong c6 str dung hé phan tan nanosilica
& pH =9 va nhi¢t 6 dung dich 1a > 90 do. Thoi gian thu dong 1a 10 phut . Dung
dich thu dong khong bi két lang va van gitr dugc kich thude nano silica 1a 23 nm
+30 nm.

- Xéac dinh dugc d6 bén 3n mon cia 16p mang anode nhom thu dong trong
dung dich niken acetate (NK) dat 48 gio phun mubi xuét hién gi va niken acetate-

nanosilica (NS) 246 gio phun mubi chua xuét hién gi.



NOQI DUNG
Chuong 1. TONG QUAN NGHIEN CUU
1.1. CO SO HOA LY CUA QUA TRINH ANOT NHOM
Khi ddu ndi nhém vao cuc duong nhu hinh 1.1 (st dung dong dién mot
chiéu) thi nhom s€ bi anot hoa. Qua trinh anot s€ tao mdt 16p mang oxit trén bé
mit nhom, vi 16p mang ndy rat cing va tro vé mit hoa hoc cho nén néu thuc hién
ding k¥ thuat trong mot thoi gian hop 1y thi 16p mang oxit tao thanh sé& tang do

cting cho nhdm va bao v¢ nhom ¢ bén trong 16p mang.

1 2.
Electrode
Electrolyte re
10pm~30pm Film Cell
ALO; AP{ 07/OH{

Film Thickness

Porouﬁs Layer

x Aluminum

Hinh 1.1. Hinh mé ta cac giai doan tao thanh Iép oxit khi anot héa [27]
Khi nhiing nhém vao dung dich dién phan & anot nhém c6 qua trinh hoa tan

dién hoa nhom :

Al = AP* + 3e (1.2)
Pong thoi nhém tac dung véi dich dién phan theo phan Gmg
2Al + 3H2S04 = Al2(SO4)3+ 3H: (1.2)
Dién ra ddng thoi véi qua trinh hoa tan nhém 1a qua trinh giai phong oxi theo phan
ung :
4 OH -4e = Oz +2H20 (1.3)
Qua trinh giai phong oxi co thé qua cac budc:
20H = HO +0* (1.4)
O>= O+ e (1.5)
O = 0 + e

(1.6)



20= 0 1.7)
Céc san pham tao ra 0%, O phan (mg véi nhém anot (san pham can oxi hoa)

2 APt + 30% => AlO3 (1.8)

2 Al + 30 => Al;,O3 (1.9)

Qua trinh hinh thanh 16p oxit nhém nhanh chong,qua trinh hoa tan 16p oxit cling
s& dong thoi xay ra:

Al,Os + 3H2SOs=> Al>(SO4)3 + H20 (1.10)
Qua trinh hoa tan 16p oxit ndy sé& tao ra cac 16 x6p. O catot, qua trinh khir :
H- + 2e =>H> (1.11)

Khi 16 x6p dugc hinh thanh: O, O khuyéch tan qua mang & day céac 16 xdp va
tao ra AlOs. Phan nay sé tiép tuc gia ting lam day thém 16p oxit. Pong thoi phan
16p oxit & phia trén s& bj hoa tan , phia trén cac 16 x5p c6 dang hinh con.
Trong céc 16 x6p c6 cac phan Gmg hydrat hoa
Al203 + H20 => Al:03.H.0 (1.12)
Al203+3H.0 => Al>03.3H.0 (1.13)
Al,O3.nHO + HxSOs => Alx(SO4)z + (n+3) H.O (1.14)
Qua trinh anode hoa sé& tao ra ciu trc hai 10p oxit trén bé mat san pham nhoém
bi anode hoa nhu trén hinh 1.2, 16p phia ngoai xdp c6 nhiéu 16 va phia trong 1a

16p 16p Al,03 khong c6 18, ¢6 dién tré rat 16n goi 1a 16p barie.
A1203

L5 xbp

Lép barie

Kim loai nén
|| a1

Hinh 1.2. Anh minh hoa 16p mang Al;Os tao thanh trong qua trinh anot hoa [28]
Dung dich dugc chon dé anot hoa phai 1a dung dich ma khong hoa tan dugc
Al,03, hodc néu c6 hoa tan duoc mang Al,Os thi cling & tbc do rat cham so vai
tdc do tao thanh mang. Thanh phan dung dich tuy thudc ngudi ché tao mang mudn
thich 16p mang xp hay 16p mang barie phét trién. Lop mang barie thuong dé phat
trién trong cac mdi truong trung tinh, & moi trudng nay Al,Oj3 rat kho bi hoa tan
vi du nhu cac dung dich : amonium borate, phosphate..... Lép mang xdp thuong

phat trién wu thé trong cac dung dich axit, & moi trudng nay thi Al,O3 vira bi hoa



tan va ciing dong thoi vira phat trién. Dung dich tng dung rong nhét 1a dung dich
axit lodng HzSO4 1M, mot s6 dung dich dung cho trudng hop riéng d6 1a dung
dich c6 cac thanh phan nhu oxalic acid, phosphoric acid.

1.1.1. Lop barie

Khi bé mat nhém bi bao phu bdi mét 16p oxit thi mang nay s& c6 dién tro
rat 10n va ngin khong cho dong dién di qua trir khi hiéu dién thé ting 1+ 2 V. Bé
tao thanh 16p barie thi can mot dién truong 16n hon 1V/nm (V/ chiéu day mang),
hay cach n6i khac 1a khi ting dan dién thé thi chua dén duoc mot gidi han nhat
dinh thi s& khong c6 dong. Vuot thé qua gia tri toi han nay thi lyc dién truong du
strc dé di chuyén ion AI** va O xuyén qua 16p oxit dé tao thanh mang barie. Dong
dién qua mang 1a dong di chuyén cac ion 4m, nhiing ion nay s& phan tng dé tao
ra 16p mang barie. Cac anion oxi s& di chuyén qua mang oxit dé phan tng véi Al
tai bé mat phan chia Al-Al,O3 dé tao nén 16p mang oxit. Con trén catot thi xay ra
qua trinh khir H* thanh H,. Qua trinh nay dugc minh hoa ¢ hinh 1.3 & dudi :

Oxide
Al Electrolyte
o*
1 HO
AI3+
" H20O

Hinh 1.3. Co ché tao 16p barie [9]

Phan ing tao 16p mang barie
Cathode (-) 6H" + 6e” = 3H,?t
Anode (+) 2A1 + 307 S ALO; + 6¢
Tinh chit 16p mang barie dugc thong ké ¢ bang 1.1 :
Bang 1.1. Tinh chit 16p barie

Thong s6 Don vi do Gia tri
Khéi lugng riéng g/lcm?® 3,89
Do x6p % 0
Mau sic Trang nga




D6 bén ubn Mpa 379
M6 dun dan hoi Gpa 375
Mo dun truot Gpa 152
D6 bén nén Mpa 2600
Do clng Kg/mm? 1440
Nhiét do nong chay °C 1750
H¢ s6 dan nhiét W/m°K 35

Heé sb gian no nhiét 10°%/°C 8,4

L&p barie bén v6i nhiéu loai hoa chat trong khoang pH tir 5 = 10 cho nén 16p
nay c6 kha nang bén véi nhiéu tac nhan an mon.

Do bén nhiét nén n6 c¢6 thé dugce str dung & nhiét do dudi 300 °C.

Céach dién tot, s& bi dan dién néu co dién thé 20 + 40 V/ um. co hﬁng s6 dién
moi tir 8 +10.
1.1.2. L6p oxit xop

Lép oxit xop thudng duge ché tao trong cac dung dich axit, vi thé dung dich
ndy sé thudng chira nhiéu mudi nhdm do hoa tan nhém. Lép nay c6 thé dé dang
tong hop ¢ chiéu day 100 pm, chiéu day c6 thé 16n hon 16p barie 100 1an. Trai voi
mang barie thi viéc str dung dién thé cao trong ché tao 16p nay 1a khong can thiét.
Trong qua trinh anode Al luén bi hoa tan.

Phan tng anot

2Al = 2AP* + 6e (1.15)

Phan ing catot

6H" + 6e = 3H; (1.16)

L&p x6p tao thanh thudng ¢ 18 va hinh 6 canh, diéu ndy dugc thé hién ¢ hinh
1.4. Trong nhiéu trudng hop cau tric cac 16 xdp co thé bi rdi loan (khac nhau vé
kich thudc cac 16). Kich thudce 16, dudng kinh 16 phu thudc vao thanh phﬁn dung
dich, dién thé, nhiét do. Kich thuée cell va pore trong dung dich H3PO,4 thuong
16n hon so v&i trong dung dich H,SO4, néu ting thé thi kich thudc cell s& ting.
Kich thudc cell ting ty 18 so voi tang thé (tuyén tinh). Kich thudc mdi 15 (cell)
thuong nam trong khoang 50 + 300 nm, dudng kinh 15 (pore) thudong co gia tri
khoang 1/3 kich thudc 18. Trong dung dich axit H,SO, thi thudng néu chiéu day



mang 20 + 50 pm thi néu kich thuéde 16 40 + 60 nm thi dudng kinh 18 (pore) thuong
c6 gia tri 1a 20 nm. Py cac 16 1a 16p barie.

d b O/ PORE MOUTH

Al

LAYER
THICKNESS

Hinh 1.4. Minh hoa 16p x6p [29]
Mot s6 hinh anh hién vi dién tir (SEM) 16p mang oxit tao thanh trong mét sb
dung dich dugc thé hién & hinh 1.5:

Hinh 1.5. Hinh anh 16 x6p tao thanh trong qua trinh anot ho4 Al véi cac diéu
kién khac nhau [30]
a. Trong dung dich H,SO4 1M; 2,5 V.
b. Trong dung dich oxalic acid 0,3 M; 40 V.
c. Trong dung dich oxalic acid 0,3 M; 11 mA/cm?
d. Trong dung dich HsPO, 0,75 M; 80 V.
Khi thuc hién qua trinh anode hoa thi & day cac 16 xp nay thi dong s& di
qua nhiéu vi khoang cach giita kim loai va dung dich dién phan 1 ngin nhat. Dién
truong & vi tri ndy ciing déu nhat va manh nhat. Do d6 duéi tic dung cia dong

dién cac ion di qua vi tri nay dé€ tao thanh mang oxit nhdm. Qua trinh tao mang s¢



1am cho chiéu cao ciia mdi 15 s& ting dan (chiéu day mang) nhung bé day thanh
16 va kich thudc cua 16 khong d6i. Vi chiéu day 16p barie 1a khong ddi cho nén
dong va thé duong nhu ciing khong d6i. Piéu nay dugc thé hién rd hon qua do
dac 6 hinh 1.6 :

ﬂ CURRENT
DENSITY

/

\\

VOLTAGE

TIME
Hinh 1.6. Sw thay déi thé va dong trong qua trinh anot hoa Al

L6p mang xOp nay s& khong cé tinh ing dung nhiéu néu khong c6 bién phap

bit 15. Mot bién phap bit 16 thudng dung 1a sir dung nudc néng
Al,O; + 3 H;0 =2AIO00H.H;0

Qua trinh bit ndy tao thanh 16p mang khong thim nudc va twong dbi bén véi
moi truong. Hinh 1.7 mo ta qua trinh bit 16 bﬁng nudc dugc minh hoa.
(b)

AR
UUUUL

(c) (d) :
Intermediate Layer
/

ﬂ Fﬂ f ﬂﬁl | |

1U|U|V|U|g

Hinh 1.7. Qua trinh bit kin 15 xp bang nuéc [31]

St



1.1.3. Dung dich sir dung anot

C6 thé thong ké mot sb loai dung dich sir dung trong mot sd truong hop cu thé
nhu bang 1.2:

Bang 1.2. Dung dich sir dung anot hoa nhom

Loai dung dich Linh vuc trng dung

H,SO4 Béo v¢, trang tri
Oxalic acid
SULPHO-ORGANIC ACIDS
CHROMIC ACID

CHROMIC ACID Xt Iy bé mat (tién xir 1)

HsPO,

CITRIC ACID Tao 16p barie ing dung trong cong ngh¢ tu
BORIC ACID dién (ELECTROLYTIC CAPACITORS)

+ Dung dich tao lo)p barie
Phén 16n dung dich loai ndy nham vao muc dich tao 16p c6 nhiéu tu dién,

muc dich bao v¢. Dung dich 1a amonium tartrate va boric acid. N@)ng do dung dich
thuong 3 % Ammonium tartrate va lam viéc & pH 5,5. Dung dich tao ra hé théng
tu tng dung (electrolytic capacitor) thudng la boric acid 10% van hanh ¢ 100 °C.
Mot s6 dung méi hiru co cling dung dé tao 16p mang nay vi du nhu dung méi cd
thanh phan co ban 1a dimethyl formamide.
+ Dung dich dé tao 16p xop

Thanh phan mot s6 dung dich ndy dugc thé hién & bang 1.3. Dung dich axit
H2S04 duoc sir dung phd bién hon ca. Noi chung 13 16p xdp dé tao mau.

Dung dich H,CrO, thuong dung CrO3z & ndng d6 30 + 50 g/L, dién thé str dung
40 + 50 V. Mat do dong 0,1+ 0,5 A/dm?, nhiét o 40 °C.

Oxalic acid dugc st dung & Nhat va Chéu au trong linh vuc nay. Gia thanh cta
n6 dat hon so véi st dung axit H,SO,, dién nang tiéu tén cling nhiéu hon, dong

tho1 chiing cting doc hai hon.
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Bang 1.3. Thanh phin, ché d mét s6 dung dich anot hoa tao 16p xop

TYPE OF CONCENTRATION | CURRENT [VOLTAGE| TEMP.| TIME | COLOUR OF
ELECTROLYTE (%) DENS[TY | (V.DC) °c) | (min) | ANODIC FILM
Aldm

[=3

“U;ETL;JR'C 15-20 12 12-20 | 1825 | 560 | COLOURLESS
OXALIC ACID

) __ﬁ’ X 3-5 1-2 40-60 18-20 | 40-60 YELLOW

(Elosal GX)

(Bengough- 2,5-3 (Cr0, ) 0,1-0,5 0-50 40 | 10-60

-Stuart) -GREY

Dung dich axit H3PO4 thuong hiém khi st dung trong linh vuc anot dé tao
16p mang c6 tinh bao vé va trang tri. Chiing thuong duoc sir dung 1am tién xu 1y
dé gan bam véi mot 16p khac tét hon (16p phit hitu co chang han). Tap doan Boeing
str dung ché do 10 + 12 % H3PO,, dién thé 10 + 15 V, Nhiét do 21+24 °C, thoi
gian 20 + 25 phut.

1.1.4. Sw thay d6i chiéu day mang oxit trong qua trinh anode

Su thay d6i chiéu ddy mang trong qua trinh anode hoa duoc trén hinh 1.8:

theoretical
Dissolution
by
Electrolyte

Anodic Film Thickness

actual

Treatment Time
Hinh 1.8. Sy thay ddi chiéu day mang theo thdi gian anot [32]
Theoretical : duong tinh toan 1y thuyét
Actual : duong thay doi theo thuc té
O trén hinh 1.8 c6 thé thay chiéu day mang phat trién gan nhu ty 1é tuyén tinh
v6i thoi gian anot hoa. Piéu nay ciing c6 vé phu hop voi su giai thich qua trinh
hinh thanh mang & muc 1.1.2. Lic dau mang phat trién rat nhanh sau d6 toc do

phat trién cham lai mot chut.
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1.1.5. Anh hwéng ciia loai hop kim t6i toc do hinh thanh mang

Sy anh hudng nay duoc thé hién trén hinh 1.9 :

12

075-Th

: iamermmesaE

heoretical
1099
w0 L B063-TS Al0;
_ fore
2
‘g: 8 |- 50850
— 2003
= 5052
'E & - BOG1-TE
=
o
3
%]

2024-T3 -

(15%H_S0O,, 1,3 amp./dm? , 20 °C)

0 20 40 60 a0 100 120
Anodizing Time (Minutes)

Hinh 1.9. Anh hwéng ciia loai hop kim bi anot hoa téi toc dd tao mang [32]

No1 chung hgp kim 5xxx, 6xxx cho cac l6p mang co6 tinh bao v¢ va trang
tri t6t. Hop kim 7xxx thi con cho 16p mang chat luong tot hon. Hop kim 2xxx thi
cho 16p mang c6 tinh chat kém hon ca.

Mot s thanh phan trong hop kim thi d& bi hoa tan nén nhanh tao 15 trong
qua trinh anot vi du nhu 3 Al-Mg. Nhung mot s6 thi lai rat kho tan nhu 13 céc hat
silicon. Nhitng phan nhu FeAl3, o Al-Fe-Si thi thuong chi bi hoa tan mot phan
trong qua trinh anode, diéu ndy chung s& lam x4u mau sac cua l16p mang hoic
chinh chung lam cho 16p mang tré nén khong lién tuc.

1.1.6. Anh hwéng ciia nhiét d téi toc dd tao mang.

Sy anh hudng nay duoc thé hién trén hinh 1.10, trén hinh cho thiy nhiét do thap
thi toc do tao mang nhanh. Diéu nay co thé dugc gidi thich 1a tdng nhiét do thi
dung dich anode hoa tan mang nhanh nén 1am chiéu day mang giam. Hon thé nita

cau truc 16p oxit tao thanh la rat xop va mém.
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Coating Weight

Anodizing time
Hinh 1.10. Anh hwéng ciia nhiét df téi téc dd hinh thanh mang
O nhiét d6 thap thuong qué trinh anot sé& tao 10p mang cing, thong thuong

nguoi ta s€ st dung mat do dong cao va khqu tron manh & ché do nay. béi véi
16p mang phuc vu cho muc dich bdo vé va trang tri thi thuong stt dung dai nhiét
do tir 15 + 25 °C. Nha may Miracle sir dung nhiét do 18 + 22 °C. Mot luu y nita
1a khi str dung ¢ nhiét d0 cao thi dién nang ti€u thu dudng nhu cling cao hon.

1.1.7. Anh huéng ciia mat dd dong téi sw phat trién ciia mang
Su anh hudng ctua mat d6 dong dugc thé hién trén hinh 1.11:

P
y
p
Friir
Burni g//|

i
i

Film Thickness

Soft Films

Current Density
Hinh 1.11. Anh huéng ciia mat dd dong téi qua trinh hinh thanh mang [32]
Burning : chéy ; Soft : mém

Mat @6 dong thong thudng str dung tir 1+ 2A/dm? Tham chi c6 thé st dung
la 3 A/dm? Duéi 1 A/dm? thi 16p mang tao thanh xdp va mém tham chi 1a méng.
Khi mat do dong tang thi tdc do tao thanh mang s€ nhanh hon tdc do hoa tan mang,
16p mang tao thanh cimg hon va it x5p hon. Néu mat do dong cao chiing c6 xu
hudng bi chay (co thé do su qua nhiét cuc bd tai mot vung do dong 16n), hinh 1.12
minh hoa 16p anot bi chdy. Néu can tao 16p bao v€ co6 hinh thirc dep thi st dung
dong 1 A/dm? 1a hop 1y.
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Local burns

Det WD Exp F—— 20um Spot Magn Det WD Exp FH— 20um

E 68 1 hitp:/iwww imec be 30 1500x SE 60 1 hitp /iwww imec be

Film Thickness

(c)
Hinh 1.12. Lép anode hoa nhém bi chay do str dung cuwong d¢ dong cao
a) Anh SEM 1ép anode hoa nhom bi chay khi sir dung ché do 1M sulfuric acid;
40 mA/cm? (chdm tron 1a chd bi chay).
b) Anh SEM 16p anot hoa Al bj chay khi sir dung ché d6 1M sulfuric acid ; 50
mA/cm? (chdm tron 13 chd bi chay).
c) Hinh anh quang hoc 16p anot hoa bi chay [33]

1.1.8. Anh huwéng ciia ndng dd axit

Sy anh hudng nay dugc thé hién trén hinh 1.13 :
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-| Process Parameters:
1.6 A/dm® and 21 °C

~J

Coating Weight (mg/dm?)
L £y tn =]

M3

3 < 5
Metal Loss ( mgicm? )
10 =*— Anodizing Time (min) —= 60
Hinh 1.13. Anh huwéng ciia ndng d axit téi qua trinh hinh thanh mang [32]
Nhin chung su anh hudng nay ciing giéng nhu nhiét d6 nhung no lai it tac
dong hon so v&i nhiét d6. Tang ndng do axit s& lam ting toc do hoa tan mang oxit
nhom tao thanh.

1.1.9. Tao mau cho 16p mang

Mot s6 k¥ thuat tao mau cho 16p mang
- K§ thuat thudc nhuom : Hinh 1.14 minh hoa phuong phap

L4 ..;’J ¥ E
il m-rm

Cleaning Etching

Desmut Anodizing Coloring

3
Sealing |

Hinh 1.14. Minh hoa k¥ thuét tao mau bang thuéc nhuém [34]
1) Nhom; 2) Oxit nhém; 3) Thude nhudém
Thudc nhudm sé& hap phu 1én mang va c6 thé tién sau vao trong mang 3+ 4 um.
- K¥ thudt ty nhu¢m mau: Hinh 1.15 minh hoa phuong phap
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Hinh 1.15. Ky thuat tw nhu¢m mau 16p mang [34]

Theo k¥ thuat nay thi chit mau c6 ludn trong dung dich dién phan hodc nim
ngay trong hgp nhom dung lam anode. Vi du dung axit H,C,O4 thi chinh ban
than chat nay ciing tao mau ludn cho 16p oxit. C6 thé hiéu co ban 13 chat mau
nam déu trong toan bé mang.

- K§¥ thuat nhuém mau bang dién ly: Hinh 1.16 minh hoa phuwong phap

UUUUL

Hinh 1.16. K§ thuit nhuém mau bang dién ly [34]
Co so phuong phap 1a str dung dong dién dé dién phan két taa kim loai
vao trong 16. Cac kim loai két taa trong 16 ¢6 thé 1a Sn, Ni, Co...

1.1.10. Sealing 16p mang anot ( sealing ).

Pay gan nhu 1a cong doan cudi ciing cua qua trinh anot. Str dung dung dich
bit kin néi chung it 1am thay d6i thanh phan mang (thanh phan mang chi ting thém
luong nudc 4 = 10 %). Khi bit bang nudc da phan cac 16 x6p bi kin, diéu nay dugc
minh hoa & hinh 1.7 & trén. Tinh chat cua 10p mang vé co ban sau khi bit nudc
nhu sau :

- Tang kha nang chéng an mon

- Giam sy bam gifr cta thuéc nhudm

- Giam su bién d6i mau (bloom)

- Téng di¢én tré mang

- Giam d6 ctng, kha ning chéng mai mon
- Giam sy bam dinh cta son

Bit kin thuong thyc hién trong nudc cat (nudc DI) & nhiét do 95 + 100 °C.
Tai pH = 6, thoi gian tir 2 + 3 phit/um. Mot s6 tap chat nhu phosphates, fluorides

c6 thé can tré qua trinh bit kin.
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Mot s6 mubi kim loai cling hay dung dé bit kin. Cac mudi nay s& hap phu
1én 16p ph, ching tao ra két tiia hydroxit dé bit kin. Cac mubi Nickel, cobalt dugc
str dung nhiéu trong linh vy nay. Ching 1am giam dang ké sy mat mau khi st
dung k¥ thuat thudc nhudm.

Dichromat ciing duoc dung trong mot s truong hop dé bit kin chéng an

\

mon.

Dung dich bit kin thong dung thuong chira fluoride va mudi Niken. Hinh
anh 16p anot dugc bit kin thé hién trén hinh 1.17 :

Ni(OH), precipitate,

absorbed dye, &
hydrated coating \

4 . >
Hydrated anodic .

coating

Non-hydrated
anodic coating

Aluminum

substrate \ 3 F\ 6 ! o4 4 :

Hinh 1.17. Mt cit ngang 16p mang dwore bit kin [35]

Trén hinh 1.17 c6 thé thay phan trén cta 16p mang khong con thiy 16 x6p
Xuat hién.
1.1.11. Cau tao bé anot

+ Vit liéu lam bé

C6 nhiéu loai vat lidu c6 thé dung dé 1am bé nhu chi boc thép, thép inoc,
g5 boc chi, bé tong boc soi thuy tinh, bé nhua. Néu bé 1am bﬁng kim loai thi cé
thé str dung bé lam catot nhung can luu Iy khoang cach vi mau dé anot, néu gan
s& gdy ngin mach. Tuy nhién khi str dung céch nay c6 nhiéu van dé do cudong do
dién truong khong déu din dén 16p mang oxit tao thanh ciing khong déu nén khi
chuyén sang cong doan nhuém mau dé giy sai mau.

Phuong phap str dung vét li¢u tro [am bé duoc thong dung hon. Cac vat liéu
nay c6 thé 1a PVC, polypropylene, soi thuy tinh. Mot sb cau trac bé duoc tong
hop tham khao thé hién trén hinh 1.18.
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Hinh 1.18. Ciau tao bé anot hoa trong tai liéu ciia jpoyner

Trong bé hinh 1.18 ¢6 hé thdng suc khi. Qua trinh anot néu khong suc khi
thi téc do tao mang 1a 0,0001 in/10 phit con néu c6 suc khi thi téc do tao mang
c6 thé 0,0001 in/6,5 phit (1 in = 25,4 mm). Catot ctia bé lam bang chi.
+ Vat liéu lam catot

Vit liéu 1am catot c6 thé 1am b::ing nhom, chi, cacbon, thép inoc nhung
thong dung nhat van 13 stir dung nhom vi ching tiéu hao it dién nang. Bé tri catot
thuong khong nén dai hon cao hon so vai vat liéu(chi tiét bi anot) dé tranh tap
trung qua nhiéu dién truong ¢ cac dau chi tiét bi anot hodc 1a cac chi tiét anot phia
day. Céc loai hop kim nhom 6063, 6101 thuong dugce st dung.
+ Hé thong diéu khién nhiét ciia bé

Hé thong nén khéng ché nhiét 46 dao dong trong khoang + 2 °F, chinh cac
duong éng lam mat nay cé thé bd tri dé thuc hién viéc khqu tron.
+ Khudy trén

Tac dung cua chung 1a tranh b1 qua nhiét cuc bo, co thé khqu béng suc
khi, bom, khqu co hoc. Suc khi thuong it dugc dung vi dé bj nhiém dau.
+ Do ga

Thuong lam béng nhom hodc titan. Néu sir dung nhom thi nén chon loai
hop kim 6063; 6061, sau mdi lan lam viéc thi can phai boc 16p oxit tao thanh trén
d6 ga loai nay. Néu str dung titan thi gia thanh s& dit nhung khong can phai boc
16p anot hoa trén d6 ga ndy. Luu ¥ néu dd ga dan dién kém sé& 1am cho chi tiét
anot hoa bi chay.
+ Ngudn dién

Noi chung tiy thudc vao loai dung dich trong bé ma dé chon loai nguén

cho phu hop. Néu st dung dung dich H,SOj thi can ngudn t6i 35 V nhung néu sir
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dung dung dich HsPO, hoic HoC,0, thi ¢6 thé can t6i ngudn 150 V. Dong cung
cap ciing dt 16n dé chon ché d6 dong cho phu hop.

Nguén dién chon ciing can c6 mot sb tinh nang nhu ché d6 dong khong doi,
ché d¢ thé khong doi ...
1.1.12. K§ thuét mac do ga
Mot s6 nguyén tic lip trong st dung anot hoa :
+Nguyén tic thir nhit: lip dam bao giam thiéu dong khi, dong dung dich vao
chi tiét dugc thé hién trén hinh 1.19 va 1.20.

Lap sai chi tiet L:’ip diing

Dung dich \

Pong khi

Hinh 1.19. Céch thirc lip chi tiét ding

Lap sai o S Lap diing

ANODE

WORK :
CYLINDER Dong khi

5N

Dung dich

Hinh 1.20. Cach thic lip chi tiét ding [34]
+ Nguyén tic thi hai : khi lip 14 c6 gang dam bao cudng do dién trudng dong
déu trén toan bo chi tiét vi noi nao nhiéu dién trudng thi noi d6 16p phu sé day.
1.2. GIOI THIEU VE AN MON KIM LOAI.
1.2.1. An mon kim loai

a) Khai niém
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An mon kim loai 1 su pha huy kim loai hodc hop kim do tac dung cta cac

chat trong méi truong xung quanh. Kim loai bi oxi hoa thanh ion duong.
M — M™ + ne
b) Cac dang an mon kim loai

C6 2 dang an mon kim loai: an mon hda hoc va an mon dién hoa. An mon
hoa hoc 1 phan mg oxi hoa — khir ctia xay ra trén bé mat kim loai voi méi truong
xung quanh. Trong dé cic electron ciia kim loai duoc chuyén truc tiép dén cac
chat trong méi truomg. Mot diém quan trong ctia &n mon hoa hoc 1a cac san pham
dugc hinh thanh trong phan tmg gitta kim loai va cac chit c6 trong mdi trudng
bao phu xung quanh bé mit kim loai, do d6 ngan cach kim loai tiép xtic truc tiép
v6i moi trudng va bao vé cho kim loai han ché bi an mon tiép [1].

An mon dién ho4 13 an mon kim loai sy ra trong moéi truong dién li, trong
d6 su oxi hoa ciia kim loai va su khir ctia cac chét oxi hoa khong chi xdy ra trong
mot phan Gmg truc tiép ma con nho sy dan dién, qua trinh oxi hoa xay ra phirc tap
& nhiéu vi tri khac nhau trén nén bé mit ctia san pham kim loai [1-4].

Véi cac hop kim duoc tao ra tu nhiéu nguyén t6 kim loai c6 dién thé va
dién cuc khac nhau khi hoat dong trong moi truong chit dién i hinh thanh céc pin
dién héa. Mdi tinh thé hodc mdi hat tap chét c6 thé hinh thanh mot pin nho. o)
nhitng chd nbi giira cac kim loai v&i nhau, & nhimg diém tiép xtic gitra cac kim
loai, giita cac vi tri ¢6 cdu tric khac nhau ciia cing mot kim loai cling ¢ kha ning
hinh thanh nhing pin nho. Hoat dong ctia pin s& dan dén sy oxi hoa dan dan khdi
kim loai. Sy pha huy kim loai theo co ché dn mon dién hoa say ra rat phd bién
trong ty nhién. Trong thuc t& phan 16n cac kim loai bi an mon theo co ché dién
hoa. [10,12,13]

Qua trinh &n mon dién héa say ra gom 3 budc co ban:

+ Qua trinh anode héa
+ Qua trinh cathode
+ Qua trinh dan dién.
- Oxy hoa dién héa goi 1a qua trinh anode, trong d6 ion kim loai (chét khir)
chuyén vao dung dich va giai phong dién tir:
Me — Me™ + ne
- Qué trinh khtr duoc goi 1a qua trinh Cathode, trong d6 cac chit oxy hoa (ox-
thuong 1la H* hodc 1a O;) nhan “e” do kim loai bi an mon giai phéng ra :
Ox2 + ne — Red2
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Chét oxi hoa thudong gip 1a H* hodc O,

Trong moi truong axit: O, + 4 H* + 4e — 2H,0

Trong moi truong trung tinh: O, + 2 H,O + 4e — 4 OH

Qua trinh dan dién, cic “e” do kim loai an mon giai phong s& di chuyén tir noi
c6 phan tmg anode tdi noi c6 phan tng cathode, con cac ion dich chuyén trong
dung dich. Nhu vay, khi kim loai bi an mon s¢€ xuét hién vung cathode va vung
anode.

1.2.2. Phuwong phap béo vé va chong in mon cho kim loai

Co nhiéu cach dé chéng an mon cho kim loai,béng viéc st dung va két
hop cac cach dé bao vé kim loai va con phu thudc vao rat nhiéu nhirng yéu tb:
tinh chat cia kim loai, moi truong cua kim loai dang dugc dua vao sur dung,
nhimg nguyén nhéan va co ché ctia qua trinh an mon kim loai do....

Mot s6 phuong phap nhu sau:
+ Dung chat tic ché.
+ Dién hoa.
+ Bao v¢ kim loai khéi méi trudng.
a) Phwong phdp ding chit trc ché vao moi truong

Trong qué trinh san xuat b xung thém chét wc ché vao dung dich an mon
dé 1am giam tc d6 cta qua trinh An mon kim loai. Thyc té, véi nhitng chat wrc ché
trén duoc dung phd bién dé bao vé kim loai han ché tiép xuc véi dung dich nhu
cac thiét bi may moéc ngung tu, h¢ théng may lam lanh, ndi hoi, ...Chét tc ché co
thé 1a hdn hop chét hiru co : uré, cromat, amin, hop chat di vong, nitrit... Mot vai
chat trc ché ¢ thé phan tmg voi méi trudng dién ly hodc kim loai va san pham an
mon dugc hinh thanh tao ra 16p mang bao phil bé mit kim loai. Ngoai ra, con c6
thé thay doi nhiing tinh chét ciia moi trudng bang cach bo di cac chat co tinh chat
xam thyc [18-19,26].

b) Phwong phap dién hoa

Trong dung dich dién ly khi 2 kim loai tiép xtic v6i nhau, kim loai nao hoat
dong manh hon s€ bi an mon va né sé€ trd thanh dién cuc am cua pin dién hoa.
Con dién cyc duong sé 1a kim loai kém hoat dong hon, nghia l1a khong bi an mon.
Vi du, dé bao vé cc vo tau bang thép, ta ndi ching véi cac khdi kém, magie. Khi
do6 s€ tao thanh nhiing pin dién hoa 16n, trong dé kim loai dugc bdo vé dong vai
trd catode, con cac khdi kém, magie...dong vai tro anode, chiing s€ bi oxi hda va

do d6 bi an mon thay cho kim loai bao v¢.
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¢, Tao bé mdt cich li kim loai khéi méi truong.

Trong linh vuc cong nghiép phuong phap bao vé kim loai phd bién 1a dung
16p phu ¢6 d§ bam dinh tbt, d6 cing cao, it bi an mon hodc bi an mon voéi toc do
cham hon so v&i an mon kim loai cia 16p phu can duoc bao vé dé ngan cach kim
loai khoi méi truong. C6 thé dung 16p son, vecni. ddu md, chat polime hodc co
thé 1a 16p ma bang nhiing kim loai bén véi khong khi va nudc nhu crom,
thiéc, .. .L&p phu bao vé ¢ ban chit 1 & chd co 1ap kim loai v6i tac dung cia moi
truong xam thuec.

C6 nhiéu loai 16p phii nhung ta c6 thé chia thanh ba loai chinh nhu sau:

+ Lop phu 14 kim loai

+ L&p phu phi kim loai.

+ L&p phu hitu co.

1.3. TONG HQP VA TiNH CHAT CUA NANO SILICA.
1.3.1. Giéi thiéu veé silica

Silic dioxide hay con goi 1a Silica, 1a mot oxit cua silic — Sau oxi thi day la
nguyén t6 pho bién thir 2 trén trai dat va ton tai dudi dang silica la chi yéu. Silica
thuong khong hoa tan trong nudc, khong mau hoic cé mau tring.Silica co cau
tric mang ludi khong gian 3 chiéu trong d6 mdi nguyén tir oxi nam & dinh con Si
nam & tim cia t dién déu. Ba dang thu hinh cua tinh thé silica chinh 1a: tridimit
;thach anh,va cristobalit. Mdi dang thu hinh nay lai c6 hai dang: dang a bén &
nhiét do thép va dang B bén & nhiét do cao. Ngoai ba dang thu hinh chinh trén,
SiO, con ton tai & mot sd dang phu khac: dang an tich, vo dinh hinh. So dd bién
d6i hinh dang tinh thé cua SiO;:

870°C 1470°C
Thachanhp > Tridimit g P > Cristobalit g

lI 57300 lI 120-160°C lI 200-275°C

Thach anh « Tridimit o Cristobalit «

Tat ca cac dang tinh thé déu gdm cac nhom tir dién SiO4 két ndi v6i nhau
qua cac nguyén tir O chung. Trong tir dién SiO4, nam ¢ tdm cua hinh ti dién 1a
nguyén tir Si, nam ¢ dinh cua hinh t dién 1a lién két cong hoa tri voi 4 nguyén tir
O. Nim ¢ hai t& dién khac nhau mdi nguyén ttr O lai c6 lién két véi 2 nguyén tir
Si. Goc lién két ctia O-Si-O 12 109°, d6 dai cia lién két Si-O 13 1,61A°.

Cau trac nanosilica 1a mdt mang lud1 3 chi€u va nhiing nhom silanol (Si-
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OH), siloxan (Si-O-Si) duoc tao ra trén bé mit cta nanosilica. Do ¢6 nhom (Si-
OH) trén bé mit nén nhitng hat silica c¢6 kha niang hat nudc ngay & nhiét d6 thuong
va rat dé két tu. B& mit cua silica dugc thé hién bai 3 dang silanol: silanol don
(a), silanol lién két hidro va nhom bén canh (b) ,silanol ghép d6i (c) dwgc mo ta
boi hinh 1.21 va 1.22 nhu sau:

(a) (h) ()
H H H H
\ " ]
0 0 0 o O
| | /
—8i— —gi—Si— —Gi—

Hinh 1.22. Sy két tu

Hinh 1.21. Céc dang lién két ciia nhém Si-O trén
cac hat silica [8]

bé mat silica [8]

Nhitng nhom (Si-OH) trén bé mat cua hat silica lién ké va tap hop nhau lai
bang lién két hidro, ddn dén tao thanh mot khéi. Lién két nay gitip cho cac hat
silica két tu voi nhau ngay ca khi bj khudy tron manh mic du khong c6 phan tng
v6i nén.

1.3.2. Tinh chit ciia nano silica
o Tinh chit vit Iy

Tinh thé SiO, sdi & 2230 °C va néng chay & 1713 °C, khdng hoa tan trong
nuéc. Trong ty nhién, SiO; chil yéu ton tai & dudi dang 1a thach anh trong sudt ,
khéng mau. Cat 1a SiO; c6 chira nhiéu tap chat [5-8]

O trang thai nong chay, SiO; chuyén thanh chat 1ong khong c¢6 mau, lam
lanh dang chat 16ng nay ta c6 thé thu duoc khéi SiO v6 dinh hinh trong sudt gan
gidng thuy tinh.

o Tinh chit héa hoc

SiO; chi phan g duoc véi axit HF, do vay 1gi dung tinh chat nay dé nguoi
ta c6 thé khic chit hodc tao hinh 1én do béng thuy tinh:

SiO; + 4 HF => SiF4 + 2 H,0 (1.16)

SiO; tan trong dung dich kiém hodc tan trong mubi cacbonat cta kim loai
kiém noéng chay tao thanh silicat: SiO; + 2 NaOH => Na,SiOs; + H,O (1.17)

SiO; + Na,CO3 => Na,SiO3 + CO, (1.18)

Silica cacbua(SiC) dugc tao thanh khi nung SiO; va than cbc theo mot ti 16

nhat dinh ¢ trong 10 dién khoang 2000 + 2500 °C. Silica cacbua c6 cau tric tinh

thé gan giong kim cuong d6 1a ching rat cung va bén,cé thé chiu dugc nhiét 4o
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rat cao. Silica cacbua duoc dung dé 1am vat liéu chiu lira, chit ban dan, chat mai.

Tinh chit ddc biét cua silica [15-17, 20,21, 25]

Bé mit silica c6 dién tich 16n va twong ddi nhén, vi vy c6 kha ning tiép
xuc vat Iy voi nén 16n. Hai nhom siloxan va silanol ¢6 mat c¢6 anh huong rat 16n
dén ung dung va tinh chét ctia bé mit silica. SiO, c6 thé ton tai trong nhiéu dang,
va mdi dang thé hién tinh nhiing chét vat 1y ,hoa hoc khéac nhau. Cac nhoém siloxan
(-Si-O-Si) trén bé mit cua SiO, s& 1am SiO; khong thé hit nude.kha ning hut
nudc cia SiO; chi xuat hién khi trén bé mit c6 cac nhom silanol (Si-OH).

Bang phan tng hydroxyl héa nhém (-Si-O-Si) thanh (Si-OH), Silica ki
nudc c6 thé duge chuyén thanh SiO, wa nude. Phan Gmg nay c6 thé 1am nguoc lai,
silica wa nuéc c6 thé chuyén thanh silica ki nudc bang phan tng dé hydroxyl hoa
hodc dun néng ¢ nhié¢t do > 300 °C. Bé mit cua silica trung binh c6 5-6 nhom
silanol trén 1nm? nén no ¢6 tinh wa nudc, cdc nhom siloxan con lai khong tham

gia phan ung.

Céc hat silica ban dau Dang két tu bac 1 Dang két tu bac 2

Hinh 1.23. Hinh énh cac dang két tu ciia nano silica [8]

CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciru
Nghién ctru tap trung vao viéc phan tich danh gia do bén an mon 16p mang

anode nhom thu dong trong dung dich niken acetate (NK) va niken acetate-
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nanosilica (NS).

San pham nghién ctru img dung : TAm tan nhiét bang nhom ctia dén xe 6 t6
“ _ ma san pham '10056-8M002 | tén san pham “07W LED-HL HEAT/SINK”
cua tap doan Koito — Nhat Ban.

Hinh 2.1. Hinh anh sian phim nghién ciru ing dung
2.2. Phuong phap nghién ctru.
2.2.1. Nguyén vat liéu

Céac hoa chit dugc sir dung trong nghién ctru 14 hoa chét tinh khiét (P):
H,S04, HNO3, NH4OH, NaCl, c6 xuat x{ tir Trung Québc. Cac dung dich dugc
pha bang nudc cat hodc nudc khir ion.

Dung dich thu dong FUKO-FS08 ché tao tai Claint

Nanosilica | SiO, cuia AMS. Kich thudc hat 20 + 30 nm, néng do 50 g/L

C12-14 alcohol ethoxylate AE7 (AE7) cia Trung Qudc
2.2.2. Vat liéu nghién ctru

Mau thi nghiém: tim nhom anode theo tiéu chuan MIL-A-8625: tiéu chuan
cong nghi¢p cua My.
2.2.3. Tao miu thir nghiém
2.2.3.1. Anode h6a mau nhém

Mau nhoém duge anode hoa theo quy trinh anode héa tai Cong ty TNHH
ANOFA (Hinh 2.1). Thanh phan va va diéu kién 1am viéc ctia bé anot nhdm (Bang
2.1). Day chuyén anode tai cong ty TNHH ANOFA theo tiéu chuan MIL-A-8625

ti€éu chuan cong nghi¢p cua My.
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Fra mrde
|Water Cleaning|

HE THONG PHAN PHOI PHU TUNG CAUTAO

Rira mrde
Water Cleaning

Rira nwoe RO
RO Water

Rara nuoe
Water Cleaning)

Nhugm mau
Coloring

Parts structure system
No Phin logi nguon goc

Ténhoachdt |Misohoachit|  Source of Maker  [Nha cune cip

L1|Lalis| FortName PartNo | Hang nhap | Tw 2an xuat | (supplier)

- Outside | In-house
1 Surtec 152 . SurecVistn
m

2 H2804 x H5a hung phil
3 Fuko FS03 x JCU Vietnam
4 HIPO4 x Haa hung phi
5 HNO3 x Haa hung phi

Hinh 2.1. Quy trinh anode h6a nhom sé tai Cong ty TNHH ANOFA[34]
Qua trinh anode tuan thu tiéu chuan cong viéc cua cong ty ANOFA

A—h— S oS Tén
i ) TGV K 4 HEATSINK 380D . 3 HEATSINK
Khach hang M3 san pham san pham
Tizs FILIA TiENo. 1B & ;
2 \p E: —YE J TMAI
Tén CD anode nhém Cong doan so Nl Thiét bi DT R AR

Ly hangra

Cai dit diu kién

/ Dén bdo két
thnic thoi gian,
lay hang ra ngay

@

Nhiét d6 22°C =2

Théi gian xi -
30 phit -15v

Cho jig hang vac bé

| An nit Start bt
| dau tinh thoi gian

Hinh 2.2. Bang chi dao thao tac tai cong doan anode ciia cong ty [34]

Biang 2.1. Thanh phan va diéu kién lam vi¢c ciia bé anot nhém [34]

I
A

Thong so

Nong d¢ va diéu kién lam viéc

DK 1

bK 2

DK 3

H2SO,

18 % + 20 %

18% +20 %

18 % + 20 %

Nhiét do

3°C+5°C

18°C +20°C

30°C+35°C
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Dong dién 1,5A/ 1dm? 1,5A/ 1dm? 1,5A/ 1dm?
Thoi gian 30 phat 30 phat 30 phat
Ché do dao tron C6 suc khi C6 suc khi Co suc khi

L6p anode tao thanh dat duoc chiéu day trung binh khoang 20+ 25 um.

MAu nhém sau khi anode dugc rira nudc nhiéu lan trong dong nudc chay
dé loai bo hét dung dich bam trén san phém trude khi dem di thu dong.

Cac mau anode nhom thu dong trong cic dung dich thu dong véi thoi gian
nhuing dung dich thu dong 1a 10 phut, & diéu kién nhiét do khac nhau mdi loai 05
mau, sau d6 dugc siy 10 phut ¢ 80 °C .

Ky hiéu miu: miu thu dong trong dung dich niken acetate (ky hiéu
NK) va niken acetate ¢6 chwa nano silica (ky hi¢u NS).
2.2.3.2. Thu dong 16p nhom anode hoa
2.2.3.2.1. Ché tao dung dich thy dong Niken acetate chira nanosilica va pha ché
cac dung dich thu dong khac tir dung dich gbc

Ché tao dung dich thu dong niken acetate- nano silica theo so dd hinh 2.3.

5(9) 800 (ml) lg trg 100ml
Nanosilica N”E‘;”g?ﬁf)tate phantan | | nudc cét
Khudy 5 phut Khudy 20 phut
Sau d6 si€u am 10 phut sau do siéu am 10 phut

Siéu am 20 phat

Hon hop nano Silica phan tan

Thém 100 ml N2 gbc | Siéu 4m 10 pht

Hon hop N2 ¢6 chira silica

Lam lanh vé 29°C-30°C| Chinh pH

Hinh 2.3. So @6 ché tao dung dich thu dong niken acetate chira nanosilica

Dung dich niken acetate — nano silica ¢ cac diéu kién pH khéc nhau duoc
danh s6 mdi cdc twong Gmg véi cc gia tri pH khac nhau cua cac hé phén tan: 4; 5

;6;7;8;9;10tai bang 2.2 dé chon pH phu hop cho su phan tdn nanosilica dung
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dich thu dong niken acetate [22-24]. pH cuia cac dung dich dugc do biang may do
pH, diéu chinh bang acid acetic va NH,OH.

Bang 2.2. Dung dich niken acetate — nano silica & cac diéu kién pH khac nhau.

STT Tén miu Ki hi¢u
1 | Nanosilica phan tan trong dd pH =4, ham lugng 5 g/L Mau 1
2 | Nanosilica phan tan trong dd pH = 5, ham lugng 5 g/L Mau 2
3 | Nanosilica phan tan trong dd pH = 6, ham lugng 5 g/L Mau 3
4 | Nanosilica phan tan trong dd pH =7, ham lugng 5 g/L Mau 4
5 | Nanosilica phan tan trong dd pH = 8§, ham lugng 5 g/L Mau 5
6 | Nanosilica phan tan trong dd pH =9, ham luong 5 g/L Mau 6
7 | Nanosilica phan tan trong dd pH =10, ham luong 5 g/LL Mau 7

S :!

Hinh 2.4. Cic miu dung dich niken acetate — nanogili_éa ai pH hau

Dung dich niken acetate — nano silica ¢ cac diéu kién nhiét do khac nhau
dugc danh sb mdi coc tuong trng voi cac gia tri nhiét d§ khac nhau cua cac hé
phan tan: 70 °C, 80 °C, 90 °C, 100 °C. Ky hiéu twong tmg: Mau 8, Mau 9, Mau
10, Mau 11, MAau 12. Cac mau dung dich thy dong dugc dat trén bép dun dén nhiét
d6 theo yéu cau, c6 dung timer nhiét dé kiém soat nhiét do.

2.2.4. Cac phwong phap, thiét bi nghién ciru
2.2.4.1. Phuong phép dénh gia bang mét thuong

Céc dung dich thu dong sau khi pha ché & nong do lam viéc duoc quan sat
vé mau sic dung dich, dung dich trong hay ton tai cac hat lo ling, c¢6 hay khong
c6 hién tuong lang can.

Sau khi thy dong va séy, ngoai quan mang thy dong dugc danh gia bﬁng mét
thuong. Cac chi tiéu vé do bong, mau sic, do déng déu va hién tuong mang thu

dong bi may mo duogc ghi lai.
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2.2.4.2. Nghién ctru hinh thai hoc bé mat bang kinh hién vi dién tir quét (SEM —
Scanning Electron Microscope)

Kinh hién vi dién tir quét hoat dong theo nguyén tic: electron thir cip phat
xa nho cac electron cua sung dién tr ¢d nang luong cao hon ban vao bé mit cla
mau khao sat [11]. S6 lugng electron thir cip phat xa cang nhiéu néu bé mit mau
bi 10i 1én cang 16n va nguoc lai khi bé mat 16m xubng, twong ing voi nhimng diém
sang — toi duogc ghi lai trén anh. SEM d3 trd thanh mot k¥ thuat dugc dung thuong
xuyén trong nghién ctru vat liéu ran vo co ciing nhu hitu co. Phuong phap nay
cang c6 hiéu qua khi phan tich ddng thoi cac tia X dic trung hodc cac dién tir
Auger phat ra tir bé mat mau. Trong ca hai trudng hop thong tin vé thanh phan
nguyén t6 s& dugc ting 1én. Nang suit phan giai cua kinh hién vi dién tir quét bi
g161 han bo1 kich thudce cia chum tia dién tir chiéu vao mau. Po khuéch dai 16n
nhat ciia SEM ¢& 10° twong rng v&i ning suat phan giai khoang 6 +3 nm tiy thudc
vao loai nguon phét xa electron. K§ thuat SEM c6 thé dung cho nhiéu muc dich
nhu: nghién ctru hinh thai hoc bé mit, sy ting kich thudc, thanh phan nguyén tb
ctia san pham an mon (két hop véi phan tich tia X dic trung - EDX), hodc su phan
bd san phém dn mon trén bé mat mau,. ..

Phan tich hinh thai, cdu trac cta cdc mau anode nhom va anode nhém thu
dong bang kinh hién vi dién tr quét (SEM —Jeol 6490 Nhat Ban), Vién Hoa hoc -
Vat liéu.
2.2.4.3. Phuong phap do dg cung

Phuong phap do do cing Vicker 1a Phuong phép do do ciing mang lai do
chinh x4c va dd tin cdy cao nhét. Puoc sir dung rong rai trong cac phong thi
nghiém va trong cac nghanh cong nghiép. Chung ta c6 thé sir dung thiét bi do do
cting Vicker dé do d6 cimg véi do chinh xéc cao cho tt ca cac loai kim loai cimg
va mém nhu: sit, thép, gang, déng, nhom, hop kim céc loai...

Phuong phéap do d6 ctng vicker rét thich hop dé sir dung trong céc truong
hop sau: do do cung 16p xi ma trén vat liéu, do do ciing cac chi tiét co khi c6 kich
thudc nho, do do ciing véi do chinh xéc cao.

Do cung dugc do trén may do do cliing tai cong ty Anofa
2.2.4.4. Phuong phap pho XRF

XRF huynh quang tia X — 1a k§ thuat quang phé duoc ting dung chi yéu
trong cac mau chét rin, trong do6 su phat xa tia X thtr cép duoc sinh ra béi su kich

thich cac dién tir ciia mau bang ngudn phat tia X. Dya vao viéc ghi lai pho tia X
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ma phan tich dugc thanh phﬁn, né)ng do ctia mau. XRF c6 do chinh xac cao, co
kha nang phan tich duoc nhiéu nguyén té va khong lam mau bi pha hiy. Pinh
tinh, dinh lugng nhanh chéng cac nguyén t4, thanh phan c6 trong mau nhu: Mau
ran, mau long, bét....

Nguyén ly: O ché d6 co ban, nguyén tir dugc cau tao boi nhan va cac 16p
Electron ( di¢n tir) xung quanh ( K, L, M, N).

Khi ban tia X mang ning luong 16n vao mau — nguyén tir: Mtrc nang luong
nay 16n hon nhiéu so voi ning luong lién két cac 19p electron cau tao nén nguyén
tu, xay ra hién tuong dién tir cac 16p dién tir bao quanh nhan K,M.. bi ban ra. Do
bi trng nén cac photon 16p ké tiép nhay lai dé lap cac 10 trong ma Photon bi day
ra ngoai. Su chuyén dich cac photon mang ning luong niy s& phat ra ning luong-
phat sang goi 1a hién twong Huynh quang. Mdi mot nguyén t6 khi phat xa s& co
mot phd khac nhau, va cudong do mau s& dic trung cho ham lugng ciia nguyén t6
trong mau . May quang ph6 huynh quang tia XRF, véi tng dung xac dinh ham
lugng, thanh phan nguyén t6 kim loai,phi kim t6n tai trong mau.

Cac mau duoc do trén may quang phd huynh quang tia XRF tai Vién Khoa
hoc Vat liu.
2.2.4.5. Phuong phép thir nghiém phun mudi trung tinh

Thir nghiém mu mudi 14 thir nghiém &n mon gia tdc ma tao ra sy pha huiy
an mon d6i voi cac vat liéu thir nghiém [14]. Pay 1a phuong phap thir nghiém an
mon phé) bién va da duoc tiéu chuin héa, duoc st dung dé kiém tra kha nang
chéng an mon cua vat liéu va 16p phu bé mat. Sy xuét hién céc san phém an mon
dugc danh gia sau mdt khoang thoi gian xac dinh trude. Thoi gian thur nghiém
phu thudc vao kha ning chdng an mon ciia 16p phi; néi chung, 16p phu cang bén
an mon thi thoi gian thir nghiém cang 1au trudc khi xuat hién sy an mon. Kha nang
bén dn mon cua 16p phit dugc danh gia bang thir nghiém mu mubi theo tiéu chuan
JIS H 8502:1999 (sir dung thiét bi phun muéi tai cong ty Anofa).

Panh gid miu thir nghiém theo tiéu chuan JIS 8502:1999.
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Hinh 2.5. Ta thir nghiém phun mudi [34]

Bang 2.3. Piéu kién thir nghiém phun mudi (JIS 8502:1999) [34]

pH Nong &6 | Apsuat | Nhiétddo | Nhiétdobon | Tdc do phun
dung dich NaCl phun kiém tra b&o hoa
2 ml/gio/ 80
6,5-7,2 5% 1,0Atm | 35+2°C | 47+2°C o

Panh gia mau thir nghiém theo thoi gian xuét hién gi. Cac mau anode nhom

va anode nhom thu dong véi s6 mau dé kiém tra cho moi loai: 5 mau.

2.2.4.6. Phuong phép do tong trd dién hoa (EIS).

Phuong phap nghién ctru khong pha hily mau, duge str dung dé nghién

ctru dong hoc va co ché ctua qua trinh di¢n héa. Pho tong tré dién hoa co thé

duoc biéu dién dudi hai dang gian do:

- Gian do Nyquist: Phé tong trd dugc biéu dién trén mét phing phtc voi

truc hoanh va truc tung twong tmg voi phan thuc (Z") va phan 4o (-Z”) cta sb

phtrc Z , mdi gia tri ciia tong try (mg v6i mot gia tri tan so f.

- Gian d6 Bode: Pho tong trg duoc biéu dién dudi dang log |Z| theo logf

va ¢ theo logf.

Binh dién hoa c6 thé coi nhu mot mach dién bao gém nhiing thanh phﬁn

chu yéu sau: Dién dung cta 16p kép, coi nhu mét tu dién phing Cy mic song

song voi1 tong tré Faraday Zs va tat ca mac noi ti€p voi dién trd thuan (Ryg), dac

trung cho dién tré dung dich gitra di¢n cuc lam vi¢c va dién cuc so sanh .
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Tong trd 16p kép:  Z¢ = - j/ICi. @ (2.9)
Téng trd Faraday Zs , tong tro tong cua binh dién hoa:

Zi = Ryq + ZfI(1 + joCyZf) (2.10)
O tan s6 cao khi @ = oo thi tong tro tong tuong Ung voi gia tri dién tro

dung dich Ryg.

Phuong phap phd tong tré duoc ap dung dé nghién ctru kha nang bao vé
cia mang nhom anot hoa.

Pho téng tré dugce do trén may do dién hoa Biologic nhiéu kénh tai Vién
K¥ thuat nhiét do.

Dung dich: NaCl 3.5%

Binh dién hoa bao gdm:

-Pién cyc lam viéc 1a mau mau Al,O3 nano va Al,O3 khong chta nano.

-Dién cuc d6i Platin.

-Dién cuc so sanh: Dién cuc Calomen bao hoa.
Khoang tan s6 do: 100 KHz — 10 mHz, bién d6 dién thé 10mV. Cac phép do dugc

thuc hién & thé an mon.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Két qua danh gia ngoai quan phan tin nano silica trong dung dich va
san pham sau khi thu dong.

Phan tan nanosilica trong nudc véi cac diéu kién pH dung dich va ham
luong nanosilica 14 50 g/L thong qua qua trinh phan tan bang song siéu am véi
cong suat 30 W va tan s6 20 kHz. Panh gid ngoai quan vé su lang tia, theo ddi
thoi gian xuat hién lang tia & mdi hé phan tan dé danh gia so bo diéu kién pH
dung dich. Két qua hinh 3.1 cho thay tai pH = 4 va pH = 5 xuat hién két tua ngay
sau khi si€u am, tai pH 6; 7; 8; 9; 10 ngay sau khi si€éu am khong xuét hién lrfmg
tha, sau mot thoi gian theo doi bat dau thay xuat hién tia. Thoi gian xuat hién lang
tha thé hién trong bang 3.1.

Hinh 3.1. Hinh anh két tiia ciia nano silica 6 pH=4; pH=5

Bang 3.1. Thoi gian xuit hién ling tia ciia nanosilica & cic pH khac nhau

Tén mau Mi | M2 | w3 | ma | owmse | O MP
pH=9 | pH=
pH=4 | pH=5 | pH=6 pH=7 | pH=38 10
Thoi gian xuét
hién ling tha| O 0 120 240 300 |>490| 350

(210)

Nhu vdy bang phuong phap danh gid ngoai quan ta xic dinh dugc
nanosilica phan tan twong d6i tét véi pH = 7; 8 ; 9 ;10. Trong d6 pH = 9 1a thoi
gian xudt hién ling tia chim nht.

Kha ning hoa tan ctia nanosilica trong dung dich v6i mot gia tri pH nhat
dinh phu thudc vao dién tich bé mit. Dién tich bé mat xuét hién trong qué trinh
ngam tai cac vi tri c6 nhom silanol trén bé mit trd nén ngam nudc. PO 16n cua
dién tich bé mit nay phu thudc vao ndng d6 H * va OH" trong dung dich. Qua

trinh ion hoa, tuy thudc vao do pH, c6 thé mo ta badi cac phan ing sau:
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Si-OH + H* < SiOH," 1)

Si-OH +OH" < SiO" + H,0 (2)

Tiép theo, xay ra phan tng cta cic cac tim (SiOH,*, SiO") véi NOs™ va
NH;" trong dung dich:

SiOH;" + NO3 < SiOH;" ... NO3 (3)

Si-O" + NH,* <~  SiO ... NH,* 4)

SiO; trong nudc ¢6 mat do dién tich tang ty 1¢ thuan véi PH va dugc tich
dién am khi pH > 1,8. Do d6, chung ta ¢ thé bé qua phan tng (1) va (3) lién quan
dén viéc hinh thanh céac tam mang dién tich duong va su c¢6 mat cua [SiO] va
[SIO™-- NH4*] chiém wu thé. Pién tich bé mit 13 do su dong gop cta hai nhom
nay. Do 6n dinh cua hé keo dat duoc trong moi truong kiém.

Ngoai ra, khi pH ting, do su nén cua 16p kép va 16p khuéch tan, dén mot
murc d6 ndo d6 c6 sy hinh thanh ion silicat HSiO3 1am hoa tan mot phan céc hat.

Biang cach danh gia ngoai quan di xac dinh dugc nanosilica ¢ thoi gian
xuat hién lang tiia cham nhat va phan tan twong ddi tét véi pH =9 .

O pH = 9 s6 hat c6 kich thudc nho nhat (23 nm) va hat giir duoc kich thude
nano chiém ham luong phan tram 16n nhéat. Hat nanosilica phan tan nhé cang
nhiéu thi khi dua vao mang cang dat hiéu qua cao.
=> Phan tan nanosilica v&1 pH = 9 va ham lugng 50 g/L su phan tan dat dugc la
t6t nhat.

Sau khi lya chon dugc dung dich thu dong niken acetate- nano silica co
ham luong nano silica phan tdn & pH =9, ¢6 ham luong 50 g/L. Lya chon nhiét
do phu hop cho su phan tan nanosilica trong dung dich dung dich thu dong niken
acetate trén hinh 3.2 va danh gia ngoai quan san pham anode sau khi nhiing vao
dung dich thu dong tai cac gia tri nhi¢t d0 khac nhau cta cac h¢ phan tan: 70 °C,
80 °C, 90 °C, 100 °C.

i i
i

= =

Hinh 3.2. Cac miu dung dich & cac dicu kién nhiét dd khac nhau.
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San phém sau khi thu dong & cac cac diéu kién nhiét do khac nhau duoc thé
hién trén hinh 3.3; hinh 3.4 va hinh 3.5.

MAU SO 9 :
Hinh 3.3: San pham nhom sau khi anode thu dong trong dung dich miu s6 8, 9

Hinh 3.5. San phAm nhém sau khi anode thu dong trong dd miu s6 12

Cac mau anode nhom thu dong trong cac dung dich & diéu kién nhiét do
khac nhau mdi loai 05 mau, dugc sdy 10 phut ¢ 80 °C. Két qua cho thdy bé mat
san phém sau thu dong déng déu vé& mau sic, cac mau sb 8 va 9, bé mit san phém
rat dinh, sau khi cAm san pham van in hinh van tay 1én trén bé mat. O cac mau s6
10, 11 va 12 bé mit san pham dong déu, kho rao, khong dinh, va khong in dau

van tay trén bé mat san pham. O mau s 10, nhiét d6 1a 100 °C bang nhiét do soi
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clia nude, nude bde hoi, han ché tdm nhin, cong nhan kho thao tac trén day
chuyén.

Nhu vay bang phuong phap danh gia ngoai quan san pham anode sau khi
nhing vao dung dich thu dong ta xac dinh dugc nhiét do dung dich > 90 °C phu
hop dé dwa vao san xuét thuc té.

3.2. Két qua hinh anh 16p anode tai cac diéu kién nhiét do khac nhau

Cac mau thy dong trong dung dich niken acetate (ky hiéu la NK) va niken
acetate c6 chua nano silica & cac diéu kién 1 (PK 1) hinh 3.6, diéu kién 2 (PK 2)
hinh 3.7, diéu kién 3 (PK 3) hinh 3.8

L4 ©
. L J ® . 3 [ ® .
oy
Mau NK Mau NS

Hinh 3.8. San phim anode & PK 3 va thu dong
Nhén xét: Trén hinh 3.6, san pham anode khi chay & PK1 (3 °C + 5 °C), san

pham c6 mau vang nga 1a mau tuy nhién cia nhom khi anode & di€u kién lanh.
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Hinh 3.7 san phdm anode khi chay & PK2 (18 °C + 20 °C) , san pham c6 mau
tring bong 13 mau ty nhién ctia nhom khi anode ¢ diéu thudng. Hinh 3.8, san
pham anode khi chay & PK3 (30 °C + 35 °C) , san phdm c6 mau xam, bé mit san
pham bi chay, khong sir dung duoc.

Hinh 3.9. Anh SEM 16p anode & 3 diéu kién nhiét d khac nhau
Tt hinh 3.9, cho théy & DK 1 16p 16 tao thanh nho hon, cAu tric 16p anode dac
khit hon, & DK 2 16p anode c6 cau tric xdp hon, con DK 3 16p anode c6 cdu tric
x6p nhit.
Hinh thai hoc cac mau anode khong thu dong va anode thy dong trong cac
dung dich thu dong niken (II) va Niken (II) chira nanosilica duoc nghién ctru bang
kinh hién vi dién tr quét (SEM).

WD 11~ §852 80¢ SOl s—
Sangls fofet £5 May 2515

Mang thy dong Niken acetate Mang thu dong Niken acetate-nano
(NK) silica (NS)
Hinh 3.10. Hinh thai hoc bé mit mang thu dong NK va NS
Trén hinh 3.10, ¢ thé thdy bé mit tit ca cac mang thu dong dong déu, khong

bi nit gay, khong bi loang, bé mat min.
Gitra 16p mang thu dong c6 chira nano silica va 16p mang thu dong khong co

nano thi rat kho dé phan biét dugc, chua quan sat dugc sy phan tan ctia nanosilica
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trong cac 16p mang thu dong.
3.3. Két qua dd cirng san pham sau khi anot & cac cac diéu kién nhiét d9 khac
nhau.
Bang 3.2 trinh bay két qua do d6 cimg va d6 day 16p anode sau khi thu
dong niken acetate va niken acetate c6 chira nano silica.
Bang 3.2. Két qua dé cieng va d¢ day 16p mang anot nhom.

Ngoai quan san Do day 16p | Kich thude 16 tao | Do cting san

PK pham anode (um) thanh (um) pham (HV)

NK NS NK NS NK NS NK NS

bK1 | Nga Nga 22.5 22.5 45 45 415 506
vang vang

PK2 | Trang | Trang | 20 20 73 73 | 320 | 401
bong bong

bK3 | Xam Xam 23 23 82 82 200 286
chay chay

Tir bang 3.2, cho thdy san pham nhém sau anode thy dong niken acetate va
niken acetate c6 chua nano silica ¢4 ngoai quan giéng nhau. Mau sic cua san
phém nhom anode thay ddi theo nhiét do, nhiét do cang thép mau cang chuyén
sang nga vang, con ¢ nhiét do cao bé mit san phém bi chay xdm. Nhiét do cang
cao thi kich thuéc 16 anode tao thanh cang 16n. Lp anode thu dong nano silica c6
d6 ctimg 16n hon do cimg bé mit san pham thu dong khong chira nano silica.

3.4. Két qua phan tich XRF mang thu ddong niken acetate-nanosilica

Pé xac dinh sy c6 mit cua nanosilica trong mang thu dong, bang viéc xac
dinh sy c6 mat ctia nguyén td silic, ti 16 nguyén td silic trén bé mat mang thu dong,
nham giai thich co ché cua hiéu ung ting kha ning bao vé dong thoi thém yéu to
dé khang dinh di dwa thanh cong nanosilica 1én mang thy dong, cac phan tich
XRF duoc tién hanh.
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Hinh 3.11. Phé XRF citia miu NK.
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Hinh 3.12. Ph6 XRF ciia miu NS.

Bang 3.3. Ham luong % nguyén t6 Si va Ni ctia cac mang thu dong
Mau

NK NS
Ham lugng, %

Al 75,429 74,989
Si 0,345 0,397
P 0,312 0,374
S 23,146 23,401
\% 0,032 0,032
Fe 0,176 0,176
Ni 0,541 0,612
Zn 0,006 0,006
Ga 0,013 0,013
Tong 100 100

Tu bang 3.3 va hinh 3.11; hinh 3.12 cho théy mau NK co 75,429 % Al,
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0,345 % Si va 0,541 % Ni. Mau NS co6 74,989 % Al, 0,397 % Si va 0,612 % Ni.
Lop anode duoc thu dong trong dung dich c6 chira nano silica c6 ham luong silic
cao hon so voi 16p anode thu dong trong dung dich khong c6 nano silica.
3.5. Thir nghiém phun mudi cic miu thu dong niken-nanosilica véi cac diéu
kién anode ¢ cac nhié¢t do khac nhau.

Anh chup cic miu nghién ciru véi thoi gian phun mudi khac nhau dugc
trinh bay trén cac hinh 3.13 + 3.15.

T R R S 1 T TSy Y ,-f._:D-" “"‘ w s

Hinh 3.13. Miu anode thu dong truéc thir nghiém.
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Hinh 3.15. MAu anode thu dong sau 48 gio' phun mudi

Thoi gian xuat hién gi trang bé mat va trén vét rach cac mau thir nghiém

sau thir nghiém phun mudi tai bang 3.5.

Bang 3.5. Thoi gian xuit hién gi tring trén cic miu nhém anot

Thoi gian xuat hi¢n gi bé | Thoi gian xuat hién gi trén
MAu mit (gio) vét rach (gio)
NK NS NK NS
bK 1 120 384 42 206
bK2 48 246 28 144

Két qua thir nghiém phun mudi trung tinh cho thiy, mau anode nhom theo

tiéu chuan MIL-A-8625 xuat hién gi trang trén bé mat sau 48 gio dau phun mubi.

Mau thu dong Niken acetate - nanosilica sau 246 gid phun mudi chua xuat hién
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gi. TAt ca cac mang thu dong sau khi anode c6 nanosilica déu c6 thoi gian xudt
hién gi 1au hon so véi mang thu dong khong chira nanosilica. V6i cac mang thu
dong Niken acetate ¢ chira nanosilica (c6 rach) thoi gian xuét hién gi 1au so véi
16p anode.

Nhu vay, viéc tao 16p mang thu dong da nang cao do bén in mon cua san
pham anode nhém. Va khi dwa thém nanosilica vao mang niken acetate di c6 tac
dong ro rét dén do bén dn mon cla mang. Sy anh hudng nay phu thudc vao viéc
nanosilica dua vao phan tan tot hay khong. D6 bén dn mon kém hon néu phan tan
nano silica khong tot. Nguyén nhan do anh hudng boi sy keo tu nanosilica khi
dua vao mdi trudng pH qua thap. Do bén cao hon néu nano silica duwoc phéan tan
tbt,diéu nay da cho thdy hiéu qua ctia nanosilica lam ting kha ning bao vé cua
mang thu dong niken acetate.

3.6. Két qua do tong tré EIS
Pé nghién ciru kha nang bao vé kim loai mau NS ¢6 nano va NK khong
nano chung t6i tién hanh do EIS cic mau trong dung dich NaCl 3,5%.

AlI203 nano.mpr
x -Im(Z) vs. Re(Z)

30.000.000 4
25.000.000 4
20.000.000 4

15.000.000

-Im(Z)/0hm

10.000.000

5.000.000 4

B e Mgy

T T
-20.000.000 20.000.000

Re(Z)/Ohm
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Hinh 3.16. Pho tong tré dang Nyquist ciia Al2O3 nano trong dung dich NaCl 3,5%.

Al203 thuong.mpr
*x -Im(Z) vs. Re(Z)

30.000.000
25.000.000
20.000.000

15.000.000

-Im(Z)/0Ohm

10.000.000

5.000.000 4

o
D0

T T T
-20.000.000 i} 20.000.000
Re(Z)/Ohm

Hinh 3.17. Pho tong tré Nyquist ciia Al03 khong nano

Bing 3.6. Két qua tong tré ciia NS (cé nano silica ) va NK khong nano silica.

Mau NS NK
R1 (Ohm) 2259 574,1
C2 (F) 5,20 x 1012 7,08 x 102
R2 (Ohm) 233.200.000 58.180.000

Két qua tir bang 3.6 cho thay mau NS gi4 tri dién trd 2259 Ohm cao hon
gap 3,9 1an so voi mau NK khong chira nano (gia tri dién trg 574,1 Ohm).

Két qua do tong trd dién hoa twong dong voi két qua thir nghiém gia tdc
phun mu mudi.
3.7. Co ché bao vé ciia mang thu dong niken acetate chira nano silica

Dua theo céc tai liéu tham khao va két thu duoc tir qué trinh thuc nghiém

dua ra dy doén céc co ché xay ra trong cac qua trinh nhu sau:

H- -\> :H\"__.-H
¥ H H H H s
0 \ 0/ ‘.b/ (lj (\) e
0
| | ] \/
—ly = — —Si—Si— —S§i—

Hinh 3.18. Qua trinh keo tu nanosilica trong dung dich axit.
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Hinh 3.19. Céc chit trg phan tin

gitip hd trg phan tan nanosilica trong Hinh 3.20. Qua trinh xay ra trong

dung dich mang thu dong.

Hinh 3.18. Hinh anh mo ta qua trinh keo tu cua nanosilica trong dung dich
axit (PH thap) do tinh chét cua silica. Hinh 3.19. Cac hat nano silica dugc bao phu
xung quanh béi cac chét trg phan tan, ngin can twong tic mdi truong vdi silica,
lam cham qua trinh chuyén nhém (- SiO) thanh (-SiOH), han ché qua trinh silica
keo tu trong moi trudong axit. Hinh 3.20. Mang thu dong dugc hinh thanh trong
moi trudng axit nén chira mot lugng ion H* du nhat dinh, qua trinh siy kho mang
lam ndng d6 H* tang 1én, xay ra qua trinh twong tac cta silica voi H* trong mang
tao ra sy chuyén doi -SiO thanh -SiOH.

KET LUAN VA KIEN NGHI

KET LUAN

Lu4n van véi muc tiéu phan tich danh gia ¢ bén dn mon 16p mang anode
nhom thu dong trong dung dich niken acetate (NK) va niken acetate-nanosilica
(NS). Qua thoi gian thuc nghiém, dé tai thu dugc nhitng két qua nhu sau:

1. Tu két qua do phan b6 kich thudc hat dd xac dinh dugc nanosilica phan
tan trong nudc tot nhat ¢ didu kién pH = 9 v6i ham lugng 1a 50 g/L, kich thude
hat nano silica ¢6 dugc 1a 23nm va 16n nhét 1a 30nm.

2. Ché tao thanh cong dung dich thy dong co6 st dung h¢ phan tdn nanosilica
& pH =9 va nhiét do dung dich 1a > 90 do. Thoi gian thu dong 1a 10 phut . Dung
dich thu dong khong bi két léng va van gitr dugc kich thudc nano silica 1a 23 nm
+30 nm.
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3. Nanosilica dugc cho vao dung dich thu dong niken acetate khong lam
thay d6i mau sic, do dong déu, do bong cta 16p mang thu dong bén ngoai bé mit
san pham. Lép NS ¢ do cimg 16n hon do cimg bé mit san pham NK.

4. Tir két qua thir nghiém gia tbc phun mudi trung tinh mau NS (246 gio
phun mudi chua xuat hién gi) c6 d6 bén dn mon cao hon miu NK (48 gid phun
mudi xuat hién gi).

5. Tu két qua do tong trd dién héa mau anot héa sau thu dong qua dung
dich ¢6 chira nano silica c¢6 kha ning chéng dn mon cao hon gap 3.9 lan so véi
mau anot hoa khong co6 nano silica.

KIEN NGHI

Duya vao nhing két qua da dat dugc trong luan van, mot s6 dinh hudng
phat trién tiép theo cua dé tai c6 thé bao gdm:

- Tiép tuc nghién ctru vé& do bén an mon cta 16p mang anode nhom thu dong
trén co s& phdi hop véi mot s6 chat khac nham tang hiéu qua va tinh on
dinh cta dung dich thu dong c6 chira nano silica.

- Nghién ctru tinh kinh té cta san pham trén quy mé 16n va ting cudng
hiéu sudt san xudt dé tang tinh canh tranh trén thi truong ctia san pham.

- Tiép tuc nghién ctru dé dua san pham vao san xuat va san xuat thuong

mai ra thi truong.
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