Basic cooroson related to Sugar industry
NHUNG KHAI NIEM CO BAN VE AN MON TRONG HE THONG
NOI HOI NHA MAY DUONG

1. DPinh nghia an mon
2. Cac dang an mon thudng gip trong hé thdng ndi hoi
- An mon 6xy
- An mon axit: Hoa tan 16p bao vé magnhétit trong hé thong ndi hoi, xay ra
trong hé thong co dic va trén dudng dng nuoc ngung
3. Trang thai an mon thép khong gi va cac dang an mon:
- Anmon 18 (ndi c6 dic thép khong gi)
- An mon tmg lyc
- An mon khe (crevice corrosion ) ddi v6i ndi c6 dic nong dng
- An mon mai mon do dong chay
- Mot s6 van dé lién quan dén han thép khong gi
4. An mon dong

5. An mon dudi 16p can

Corrosion is the reaction of a metallic material with its environment that results in a
damage of the material or component before its regular lifetime. Corrosion effects are

mostly the result of electro-chemical reactions, but mechanical influence is possible too.

Attention: All materials used for technical components or constructions have a defined —
not endless — lifetime only. The lifetime is supposed to be approx. 5-50 years, depending

on material, design, environment and operation conditions.

1. Binh nghia

An mon 1a phan ung giita vat liéu kimloai va moi trudng gay nén su pha hity vat lidu
hoic chi tiét sém hon tudi tho thong thuong cia né.

Qua trinh dn mon trong ndi hoi chi yéu 14 in mon dién hoa. P6 1a phan Gmg giira vat liéu

kim loai v&i mdi truong ma hau qua 1a vat liéu hodc cau kién bi pha huy



Vung ma kim loai bi &n mon va di vao dung dich dudi dang cation kim loai (nhu ion
Fe™) goi 1 andt. Ving ma moéi trudng xung quanh - hau hét 1a nuée- phan tng véi dién

ttr tir andt chuyén dén goi 1a catot.

Vi du nhu phan tng khir 6xy (O,) thanh anion OH" (dang &n mon 6xy) hodc cation H'
cua axit bi khir thanh nguyén tir hydr6 (dang &n mon hydro).

O anot Fe—2¢ = Fe*
O catot
An mon 6xy 0, + 2H,0 + 4e = 40H
An mon axit: 2H" +2e = Ha1

So d6 dién hinh cua qua trinh an mon 6xy trén sat/thép dugc dua ra trén hinh .
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Hinh : So d6 nguyén tdc an mon Oxy.

Corrosion Rate

Tdc d6 an mon duoc do béng su ton hao trong luong tinh theo mm/nam hoac tdn hao
trong luong trén mot don vi di¢n tich bé mit sau mot thoi gian nhét dinh — g/ngi(‘)’
g/m’ngdy, g/m’nim

A uniform material loss < 0.1 mm/yr (or mm/a) is defined as technical “corrosion

resistant” for common use.



For instance low-alloyed carbon steel at operational temperatures of 300-330 °C in low
conductive alkaline water or steam shows a corrosions rate of approx. 0.15 mm within

20 years, that of austenitic stainless steel is approximately ten times lower!

Most of corrosion rates from literature are measured under laboratory conditions for uni-
form corrosion and are not direct transferable to a technical application. A little corrosion
rate as

mentioned excludes not other specific corrosion effects, like stress corrosion cracking

(SCC), flow assisted corrosion (FAC), strain induced corrosion or crevice corrosion etc.!
2. Cac dang in mon thuong gip trong hé thong noi hoi

Trong ndi hoi, dang va toc d6 an mon duge quyét dinh chu yéu boi trang thai khac nhau
ctia 16p magnetite bao vé (nhu 16p xdp hay 16p chic dic), khuyét tat trong 16p magnetite
hodc diéu kién thong khi khac nhau ciia 16p magnetite (trén va dudi 10p cin, trén va dudi

dudng mirc nude).

Trong thuc té, di nudc cip (BEW) va nude ndi (BW) c6 chat lugng tot nhat van
khong thé tranh khoi vét clia cac chat nhiém ban nhu cac chat khong bay hoi (chua trong
nudc) va dac biét la su tuan hoan céac hop chit kim loai (san phérn an mon) nhu hop chét
clia sit, dong, k&m & dang khong hoa tan (cac hat 6xit) va cac chat rin hoa tan. Dic biét,
trong qua trinh khoi dong nodi hoi, cac chat nhiém ban thuong c6 ham lugng 16n hon
nhiéu, dic biét 1a cac hop chét cia sit.

Theo 1y thuyét, o dan thip nhit ciia nude tinh khiét & 25°C khoang 0,055 uS/cm,
nghia 1a BFW chit lwong tdt voi do din axit & 25°C 13 0,15 uS/cm van con chira cac chét
nhiém ban c6 d6 dan twong duong 0,1 puS/cm. Cac chat nhidém béan ¢ thé c6 do cac ngudn
sau:

% CO; hoa tan tur: -

= Khong khi (tai can bang dat t6i 0,6 pS/cm).
= Phan tng phan huy xdc dong vat (céd trong nudc) bdi 6xy, vi du
nhu carbohydrazide.

% Hoi axit hiru co tu: -

= Sy thuy phan va 6xy hoa cac hop chat amin.

= Phan tng phan huy cac hop chat hitu co.



% Hoi hop chit amin: khong hoan toan bi giit lai ¢ thiét bi trao doi cation.
¢ Cac axit vo co khong bay hoi tur:
= Céc hop chit duogc trao doi tai thiét bi trao doi cation (cac chat nay
troi qua thiét bi khir khoang va/hodc trdi qua thiét bi lam sach nudc
ngung).
= T axit.
2.1. An mon 6xy
Su d&n mon 6xy thudng xdy ra trong sudt qué trinh dung 10 (néu ap suét béng khong va
hoi dugc thay thé boi khong khi). Hién tugng nay lam cho thép bi &n mon cuc b (hinh 3

va 4), giébng nhu thép cacbon bi an mon trong khi quyén.

Hinh 3. An mon 6xy trén 6ng Itra ctia néi hoi .
Hinh 4. An mon 6xy trén 6ng khoi.

2.2. An mon axit
An mon do axit cacbonic thuong xay ra trong duong dng dan hoi va trong dudng 6ng
nudc ngung, (dnh 5 va 6). Trong ndi hoi va trong ndi ¢ dic néu ham lugng axit hiru

cO cao, an mon axit cling c6 thé xdy ra
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Hinh An mon axit cacbonic trén dng hdi luu nude ngung (bén phai: anh phong to).

Kim loai d¢ bi &n mon va bi an mon véi toc do cao trong mdi trudng axit
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Hinh: Téc dé dn mon thép trong nude ¢ 310°C phu thudc vao pH va nong do
cua HClva NaOH



An mon cuc bd
An mon duwdi I6p cin

An mon cuc bo tai cac ving bdc hoi cta ndi hoi véi su truyén nhiét 16m 1a do su
dong can cta san phim dn mon, trude hét 1a 16p oxit sit két tia tir BW, sau d6 né két hop
tai chd v&i nudce ndi hoi khong theo mdt quy ludt nao. Tai nhitng vung c¢6 dong nhiét 16n,
16p can xOp dau tién (gidng nhu bot bién) duge tao thanh tir cin chét rin khong tan sa
lang. Cac nhiém ban hoa tan trong BW chui vao bén trong cac 16 cua 16p cin x6p nay,
tich tu, c6 dac lai. Vi vdy ma vat liéu bi pha huy hoac la do pH thép (do tinh axit ctua
nude ndi hoi, vi du nude lam mat bi 1an vao nudc BW), hodc do pH cao (con lai sau qué

trinh rira kiém, hay do bi thing nén kiém lot vao).

An mon lo

An mon cuc bd dan dén tao thanh cac 16 nho cd miéng 16 hé hodc bi bit kin. An
mon cuc bd trong ndi hoi c6 thé xay ra khi mot ving rong cua 16p oxyt bao vé bi nhiing
khuyét tat nho duoi tac dong co hoc hodc hoa hoc. Khi do, néu nhin toan bo bé mit thi co
vé hoan toan tdt nhung thuc chét, sy tin cong cuc bod co thé da xuyén thing bé mit va
gy nén 1o gi. Dang dién hinh cta dn mon 16 13 an mon oxy d6i véi thép cacbon (miéng
mo), su tan cong cua in Cl” ddi voi thép khong gi austenit (miéng kin), in mon dong
trong dung dich trung tinh c6 ham luong sunfat cao (miéng kin), su két tia cac kim loai
dwong hon trén nén sit, an mon nhém hodc k&m trong dung dich trung tinh hodc axit

(miéng ho).

An mén nit/An mén duéi l6p ciin

An mon nirt chi yéu gay nén boi dn mon tiép xuc do chénh léch ndng do tai cac
khe nho hodc cac vét nat, vi du dudi 16p oxyt, khe cua cac miéng dém, céc dc vit lép rap
v.v... do sy khac nhau vé diéu kién hoa hoc bén trong 1ong va bén ngoai khe.

An mon nit thudng 13 nguyén nhan ban dau din dén an mon 16 ddi voi thép
khong gi, néu nhu 16p oxyt & méi han khong duoc 1am sach day du.

An mon do déng cin cuc bo hau hét déu lién quan dén dang an mon khe vi diéu

kién thong khi bén dudi 16p can va xung quanh no 1a khéac nhau.



Ca hai dang an mon ndi trén déu xdy ra chu yéu la do su khac nhau vé nong do 6xy: thap

- bén trong khe/dudi 16p can, cao - bén ngoai khe/xung quanh vung cén.

4.1.1 Carbon Steel and Cast Iron/Steel

Pure iron is too soft for technical constructions and became therefore alloyed with
various elements. Most common alloying element is carbon to increase strength and
harden ability. In cast iron, the carbon content may rise up to 5 %. Other common
alloying elements for low- alloyed steel are aluminium, chromium, copper, manganese,

molybdenum, nickel, nitrogen, phosphorous, silicon, vanadium and tungsten (wolfram).

As far as the content of these alloying elements do not exceed 8-10% (some contents
are much lower), their corrosion behaviour is basically same if oxygen (air) and water
(moisture) of the atmosphere is present. The corrosion resistance of weathering steels is
up to 5 times better than other carbon steel, but all the low alloyed steels became not
passive on humid air - in contrast to the higher alloyed stainless steels. In air and in
presence of humidity above 60 %, these types of steel corrode (rust) by formation of iron
oxide-hydrates (yellow brown) or iron oxide (simplified hematite, dark brown). This type

of corrosion is called atmospheric corrosion or oxygen corrosion.

Most constituent of low-alloyed (ferritic) steels are added to obtain specific mechanical

properties, such as high strength, temperature resistance, hydrogen resistance, harden
ability, low temperature applicability etc. and have only limited influence to its corrosion
resistance. Exception is an elevated chromium content that result in significant better

resistance to oxidation at elevated temperatures and erosion corrosion (FAC).

Kha ning chéng dn mon cia thép cacbon va thép hop kim thap phu thudc rat nhiéu vao
su hinh thanh va duy tri 16p 6xyt tir bao vé. Lép ooxxyt nay bao gdm chi yéu 1a
magnetite va hematite va dé bi hoa tan trong méi trudng axit, tham chi ca axit yéu ¢ nhiét

d6 thuong (trir axit sunfuric>90%) va trong dung dich kiém manh 6 nhiét d6 cao.

Trong nudc gia tri pH t6i wu 13 9.5 -11.5 tiy thudc vao nhiét do



pH trong khoang 12 - 12,5 ¢ nhiét d¢ phong s€ gilr cho thép thu dong khi c6 mat oxy,

nhung trong méi truong c6 do dan cao(>1000 uS/cm) thi in mon 18 co thé xay ra

Thép cacbon thap nhay véi giy dn mon do tng luc khi chiu mot ing suat kéo cao (gan
g161 han chay) khi c6 mat kiém, vi du >4% dung dich NaOH, dic biét 1a ¢ nhiét d cao.

Dung dich nitrrat & pH axit (vi du nudc ngung tu bén lira) cling gay SCC.

Thép cacbon va thép hop kim thap dugc dung rong rdi dé ché tao cac chi tiét thiét bi ndi
hoi. Thép cacbon c6 thé sir dung dén nhiét d6 400 °C, & nhiét do cao hon 540 °C, nguoi
ta thuong dung thép hop kim ¢ chira Mo va Cr. Bdi véi bd qua nhiét va bo 6n nhiét cac
thép hop kim véi ham lugng Cr cao hon ¢co thé chiu dung to1 560-600 °C. O nhiét do cao

hon nita can sir dung cac thép austenit c6 chira Ni-Cr.hodc thep duplex

Thép khong gi

Thép khong gi duge dung rdng rai cho cac vat liéu két cau chiu an mon cao. Nhom vat
liéu nay bao gdm nhiéu loai hop kim khac nhau duoc ché tao cho cic ung dung riéng
biét. Tét ca cac loai thép khong gi déu khong bi an mon trong méi truong khi quyén binh
thuong nhung khong phai 13 hoan thoan bén dn mon trong moi diéu kién

Do bén dn mon cia thép khong gi 1a c6 mot mang 6xyt duoc hinh thanh ngay 1ap tirc khi
tiép xtic voi khong khi/oxy trong moi truong am hodc moéi truong 6xy hoa. Mang thu
dong nay chira oxyt crom va oxyt sat va rit mong, thuong khong nhi thdy ddwwocj bang
mat thuong trir khi nung ndéng ¢ >300°C. Trong méi truong ion CI” dic biét trong moi
truong axit mang thu dong nay bj pha huy va dan dén dn mon 156. Dang dn mon nay se trd
nén nghiém trong khi trén madt dién tich rong ctia mang thu dong c6 mot sb khuyét tat voi
dién tich rat nho. Vi du, dudong han khong chit lugng va cac vdy han khong duge 1lam

sach k¥ cang.

L&p 6xyt mau xanh va mau den tai mdi ham phai dugc ngin chin bang cach dung khi tro

hoac loai bo co hoc hoac téy trong hon hop axit HF-HNO; dé chéng in mon 10.



Tét ca thép khong gi déu bén dn mon oxy ¢ nhiét do cao tdi 700 °C nhung chung ¢ do
bén kéo thap vi ham luong cacbon thip. Thép mactensit va thép duplex c6 d6 bén cao
hon.

Thép austenit chira it nhét tir 6-26% Cr 6-22 % Ni v6i cac ham lugng ¢ khac nhau.

- Thép cacbon thap (< 0.04 % C) c¢6 d6 bén thap nhung rat dé han

Austenitic stainless steels contain at least 16-26 % chromium and 6-22 % nickel with
different carbon content.

Thép c6 ham lugng cacbon > 0.04 % C khong co cac nguyén t6 hop kim héa Ti, Nb hoic
Ta c6 thé rat nhay cam khi hoat dong trong mdt thoi gian dai ¢ nhiét do 450-800 °Cdo
han thiéu kinh nghiém hodcdo xtr 1y nhiét. Su nhay nhiét do dén dén su tao thanh cacbit
crém trén bién hat va lam cho crom thoat ra & ving ké bién hat va két qua 1a xay ra su an
mon gitra cac bién hat trong moét truong xam thye.

Su nhay nhiét nay co thé tranh duoc néu ham luong C<0,04% (thép cacbon thap) hodc
tangdo bén nhiét bfmg cach thém vao mot luong da 16n Ti, Nb hodc Ta. Pé han thép
austenit bén nhiét thi vat liéu han ciing can 1a vat liéu bén nhiét v6i sy ¢ mat ciia Nb.
Thép khong gi austenit rat bén dn mon véi axit nitric hodc cac axit yéu khac, dung dich trung tinh,
dung dich kiém yéu va cac hoa chat co tinh 6xy hoa mién 14 trong cac dung dich d6 khong chira
qua nhiéu cac hop chét cua clo, brom, idt.

Thép khong gi austenit rat nhay voi dn mon 16 va dn mon ung luc gdy nén boi clo, brom, idt,
tham chi ca khi chiu mot tmg lyc kéo thap (vi du & mbi han), dic biét 1a khi nhiét d6 >50°C, thuy
nhién hu hong ciing c6 thé xay ra & nhiét 6 thip hon. Tang ham lwong mélipden trogn thép s&
lam gidm sy nhay &n mon 16 va tmg lyc nhu trén. NaOH ham lugng >4% sé giy nén in mon ung
lwc khi vat lidu chiu img suat trung binh va cao. Thép austenit hop kim hoa cao s& bén dn mon voi
cac axit manh nhu axit sunfuric va phétphoric khi khong c6 mot lugng qua lon ion CI.

Thép khong gi ferit chira 12-30% Cr voiu ham luong C < 0,2%

Ferritic stainless steels contain 12-30 % chromium with carbon content < 0.2 %. C4 hop
kim nay c6 tinh déo va do bén 16n nhung khi han va xa 1y nhiét can phai can than dé
tranh nut “nong”. Céc loai thép nay cé trang thai an mon tuong tu thép austenit nhung
bén dn mon tmg luc khi ¢6 mit clo, brom, iét trong mot khoang rong hon.

Stress Corrosion Cracking (SCC),

Sy hinh thanh vét niit (trén bién hat hodc xuyén hat tiry thudc vao kim loai, méi trudng va

g suét) trong su c6 mat dong thoi ctia kim loai nhay véi SCC, mdi trudng c6 kha ning



gy SCC va ung suat kéo. Ung suét nay co thé dugc tao nén trong qua trinh ché tao, gia
cong ngudi, han hodc vanh hanh. Hau hét SCC déu phai trai qua mot thoi gian “a bénh”
vai gio hodc vai ngay, nhung vét nit thi lan truyén rit nhanh.

Céc truong hop dién hinh dan dén SCC la:

- Thép khong gi austenit trong méi trudng ion Cl ngay khi chiu mot ing suét kéo thap

- Pong thau trong hoi ammoniac hoic dung dich chira ion améni.

- Thép cacbon trong dung dich >4% NaOH chiu tng suét kéo cao (gion kiém).

Hau hét SCC trén thép khong gi austenit va dong thau déu bat du tir nhimg 16 an mon rat
nho trén bé mit hodc ¢ nhimg khuyét tat trén 16p bao vé.

An mon ung lyc din dén: cac vét niat hinh nhanh cy theo bién hat.

Trong nhirng diéu kién dic biét, vét nut xuyén hat ciing co thé hinh thanh

3.7 Stress Corrosion Cracking (SCC)
Gay dn mon do ung luc chi xay ra khi c6 mat dong thoi 3 yéu té sau day:
e Kim loai nhay SCC,
o Moi truong co thé gy SCC dbi v6i kim loai d6 va
° Ung suit kéo (tao nén trong qua trinh ché tao, gia cong nguoi, han hodc vanh hanh)
néu thiéu mot trong ba yéu t6 trén thi SCC khong xay ra
Céc truong hop dién hinh
- Thép khong gi austenit, dac biét 1a thép Cr-Ni khong chira Mo trong moi truong
CI', Br, I', dic biét 1a ¢ pH thap, nhiét d6 > 50°C, SCC xay ran gay & ng suat
thap.
- Thép khong gi austenit hodc ferit trong moi truong NaOH > 4-70% & nhiét do cao
- Thép cabon trong mdi trudng NaOH > 4-70% (gion kiém) & tng suat kéo cao
(gan véi diém bén chay) va nhiét 6 cao
- Thép cabon trong dung dich chura nitrat ham lugng cao véi pH ¢ vung axit
- Pong thau trong hoi ammoniac hodc dung dich chira ion amoni, ngay khi chi ¢6
vét.
SCC dién hinh déu phai trdi qua mot thoi gian “0 bénh” vai gio dén vai tuan, tiiy thudc
vao diéu kién méi trudong (Ung sudt va ndng do dung dich) din dén gion dot ngdt hau hét

1a do nirt trén bién hat va vét nirt lan truyén rat nhanh.
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- An mon mai mon hodc &n mon do dong chay (FAC) va &n mon x6i mon (cavitation)
c& hai déu chll yéu chiu anh hudng cla diéu kién dong chay.
FAC c6 thé quan sat thdy chli y&u trong bom va canh bom ciing nhu trong 6ng nuéc va

van do két qua cla pH qua thap két hap véi dong chay tdc do 16n, xem hinh 7.

Hinh 7. An mdn mai mon trong mét khéi van hai dudc dung nhu van diéu chinh .
An mon x6i mon & két qua cla su tao bong béng hai va su né ti€p theo hudéng vao
thanh 6ng clia chiing (c6 thé nghe thay rd rét). Vi du nhu trén dinh 6ng ngung chira hén
hop nuéc ngung va hoi, xem hinh 8, hoac bom dang van hanh trong nuéc néng hoac ap

suat nang Ién tai dau vao cla bom déu thay rd van dé nay.
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Hinh 8. An mon x6i mon trén dinh 6ng (vi tri 12h) ctia 8ng ngung héi luu.

Sat va dong

Hop chat sét trong BFW da kiém hod c6 thé bi hoa tan (vi du trong trudng
hop an mon hoac an mon mai mon do dong chay [FAC] trong dudong 6ng cap nude
cho noi hoi) va khong bi hoa tan & dang hat 6xit nho.

Trong moi truong kiém néng ctia BW, hau hét hop chat sat ton tai dudi
dang cac hat oxit khong tan vi dong nudc tuan hoan da lam cho pH va nhiét do cta
BW 16n hon ctia BEW.

Nguoc lai v6i sat, phan 16n hop chat cua déng hoa tan trong nudc, dic biét
1a khi c6 méat amoni va amin.

Gi6i han ham lugng cua ca hai nguyén t6 nay chi duoc dua ra cho BFW bai
vi d6i v6i BW sé rét kho dé 1ay dugc miu nuée thuc su dai dién ma trong do c6 ca
nhiing hat nho khong tan. Thanh phan cta ching trong nuéc BW dao dong manh,
n6 phu thudc vao phu tai ndi hoi hodc su thay déi 4p suét va diéu kién 14y mau (vi

du: vat liéu lam 6ng, té¢c do dong chay, su khudy, su suc nudcl 1)

an_mon mai mon/an mon do dong chay (Flow Assisted Corrosion - FAC)

an mon mai mon hay an mon do dong chay xay ra khi ¢6 mot moi truong
nuéc hodc khi (vi du nhu khong khi, khi nhién liéu, hoi) chuyén dich véi t6c do

16n, lam mat di 16p bao vé (da hoan thién hoac méi tao thanh) nhanh hon viéc tao
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thanh 16p nay. Nhitng dong chay cé hai pha nhu: khi va tro, nuéc va cét, hoi va cac
giot nudc nhod, nuée va nhitng bot khi (hoi) 12 nhitng moi trudng rat nguy hiém.
Moi trudng nudc - hoi (hai moi trudng sau cung) ¢ thé 1a nguyén nhan gay nén hu
hong do va dap cong hudng hoac tao 16 giong nhu phun cit.

Thép sé& bi an mon mai mon trong moi truong kiém yéu (pH < 8,5 - 9) khi
toc do dong chay > 8 - 10 m/s, dac biét 1a & nhiét do khoang 150°C va khong c6
oxy. Tang pH va khong ché nong do 6xy khoang 15 - 30 ppb sé€ lam giam nguy co
pha huy do FAC (hinh 8). Tang thanh phan Cr trong vat liéu cling 1am giam tac hai
cua FAC (hinh 9).

Céc kim loai dé bi tdc dong clia an moOn mai mon 1a nhitng kim loai c6 16p
bao vé mém nhu dong va nhom. Khi dong va nhom lam viéc trong moi trudong
kh«ng "n mBn thx tec ®¢ dBng chiy cuc ®'1 t'i mét ving npo ®a ph¥i < 1,6 - 1,8
m/s.

BO mZAt bb mpui mBn th-éng t-—ng ®¢i bing, kh«ng ci sfn phEm "n mfn
v ca nh+ng mZt ph¥ng (cEu tréc tr«ng giéng nh- cén ¢ t).
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a) of the release-to-system rate v, of carbon steel in deionized water at a pH
of 8.5 (NH3s) with and without oxygen dosing (solid line), source: [9];
b} of the erosion rate v of carbon steel in deionized water at a pH of 9.05 and
c{03) < 0.006 mgfkg (dashed line), source: [21];
c) of the calculated ferrous ion concentration c(Fe®") in deionized water at a
pH of approx. 8.7 (NH;) in equilibrium with magnetite at a hydrogen partial
pressura of 1 bar (dotted-and-dashed line), source: [22].

Hxnh 8. Anh h-éng ciia nhiOt ®é ®0n:

a) Tec ®é teen hao thPp c,cbon Vi trong n-ic kho ion t'i pH 8,5 (NH;) khi
cd «xy vu khang cd «xy (®-éng liOn nbt).

b) Tec ®é mui mPin thPp c,cbon Vi trong n-ic kho ion t'i pH 9,05 vu nang
®é «xy c(0;) < 0,006 mg/kg (®-éng ®at nbi).

¢) Ndng ®é Fe’" tYnh to,n trong n-ic kho ion é pH khoYng 8,7 (NH;) c©n
b¥%ng vii magnetite khi .p suEt ri‘ng ciia hy®r« lu 1 bar (®-éng nPt ®ot
cd chEm).
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Influance ekerted by rabe of flovs on the loes of material through
ercEion corraslon {(p= 40 bar, 3 = 180° €, pH =7, c (O07) £ 0.05 mg/kg)

Hxnh 9. Anh h-éng ciia téc ®é dfng chly ®On l-ing vEt [iOu bb mEt ®i
trong qu, trxnh “n mfn mui mpPn (p = 40 bar, = 180"C, pH = 7, ¢(0,) <0,05
mg/kg).
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Mét ndi h—i ci thiOt kO tét s ®'t tuzei thi téi ®a khi vy ch@ khi thDp nai h—i
cd khy n"ng t'o thunh vp duy trx mét lip «xit s¥%t mang ci khY n'ng b¥o vO
(chYnh x,c Ip gdm ba lip «xit kh,c nhau) cd thunh phCn chYnh Ip magnetite
Fe;04(hxnh 1a & 2). Mét lip magnetite ¢ tYnh chEt bfo vO thuc su ph¥i ca cEu
t'o r¥%n ch¥%c, gCn nh- kh«ng ¢ Ig r¢ v b,m ch¥c vpo bO mAt kim lo'i.

FeO F5203

a) 1 <570°C ’ b) t >570 °C

Heterogen sequence of iron oxyde layers on low alloyed steel in steam
depending on themperature (a) < 570 °C, (b) > 570 °C.

Hxnh 1. Lip hen hip cita «xit s%t trn bO mAt thPp hip kim thEp trong h—i phé
thuéc vuo nhiOt ®é: (a)- <570°C; (b)- >570°C.

16



Temperatur
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Legierungsgehalte (Gew.- %)
Alloy coufent ..;Jf.'z)

EinfluB -wn Legierungselemenien des Eisens aul die Temperatur der
- Wiustitbildung im Zunder.

| Ju flvewnce nfﬂﬂu&iuj elements of steel fo fhe
temperature of Wustite (%c) formation ju Millscole

Hxnh 2: Anh h-éng ciia ¢, c nguy“n té hip kim ho, thPp ®0n nhiOt ®é t'o thunh
FeO trong vy c,n
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ChiOu dpy cfia lip magnetite bfo vO pho thuéc vpo lo'i vEt 1iOu, nhiOt ®é
lum viOc vp théi gian vEn hunh. Ng-éi ta ®- tYnh to,n ®-ic sau 100.000 gié
(khofng 12 n"m) b*n phYa n-ic hoZ&c phYa h—i, ®¢i vii thPp hip kim thEp (2'/4
Cr1Mo) & nhiOt ®¢é thunh éng khofng 350°C (,p suft khoYng 125 bar) si hxnh
thunh lip magnetite cd chiOu dpy t3 10 - 15 pm, & nhiOt ®¢ 500°C - khofng 350
pm (hxnh 3 vp §nh 1). O ®iOu kiOn t-—ng t0, tr'n bO mAt thPp cacbon th-éng (vY
do thPp 35.8) lip magnetite cd chiOu duy lin h—n gEp 10 - 20 ICn. Mét lip «xit
®Zc ch¥c ca chiOu duy 300 um n»m tr*n bO mZt trong cfia éng sinh h—i si lpym
nhiOt ®¢ thunh éng t'ng I°n td 30 - 40°K.

E
3
E R ”‘
5 /’ a
0 -—
[ - n
8 = (Parabolic)
-

5 =
[V}
£
o
5]
w
%]
©
b=

Time, t —»

" Parabolic and para-linear oxidation of low alloyed steel in oxygen or steam.
Oxidation laws: d?=Ks™-t T=°K t=hrs, d=mm

K s= Oxidation rate constant in steam. LogKm= (-9856:T) + 5.222
Applicable op To S5DC ouly !
Hxnh 3: Quan hO gi+a teen hao tring l-ing thBp hip kim thEp bP «xy ho, trong
m«i tr-éng «xy hodc trong h—i vu théi gian - tu©n theo quy lukt hen hip parab«l
- tuyOn tYnh (ch@ ,p déng cho ving nhiOt ®é </= 550°C)
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Anh 1

Lip bo vO sYt chZEt( ®é r¢ < 5%) gOy Ynh h-éng kh«ng ® ng kO ®On su
trao ®zi nhiOt nOu nh- chiOu dpy cfia nd kh«ng v-it qu, 0,2 - 0,3 mm (tut thuéc
vuo dBng nhiOt), tuy nhi*n nOu lip oxit ¢ ®¢é xép lin h—n, hoZ&c bb t ch lip thx si
gOy Ynh h-éng tii nhiOt ®¢ thunh éng (hxnh 4). Mét lip magnetite mang ci tYnh
chEt b¥o vO Iy mét lip “vEy” téi cCn thiOt nh-ng ph¥i vii ®1Ou kiOn Iy na kh«ng
bb trén IEn ¢ ¢ 1%ng ®ing t5 BW! Lip sfn phEm “n mBn s¥%t cd ®é xép lin - xem
4Inh 2, lip sqn phEm "n mBn bb t,ch lip - xem Ynh 3.

19



Anh 2

Anh 3
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Boiler Wall Temperature Elevation by Scale of Different porosity

depending on Heat Transfer
Courtecusly Babcock Power
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Hxnh 4. Sit phé thuéc ciia nhiOt ®é thunh ndi h—i vuo chiOu duy lip c&n cd ®é

xep kh,c nhau: a) 5%, b) 10%
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