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Tom tat: Bai bao gisi thiu vé hién tiwong an mon Hydro véi thép khi & trong diéu kién nhiér dg
va ap sudt cao ddc biét 1a cac hé thang duwong ong trong cac nha may san xuat hoéa chatr. Trén co sé
phan tich nhiér dong hoc cac phan ing xay ra giiza Hydro va 16p bé mat thép da xdc dinh dwoc diéu
kién, chiéu hudng xdy ra sw an mon Hydro theo anh hwong cua nhiét dé va &p sudt lam viéc cua
dirong ong. Pé tao kha nang img dung thuc té, bai bdo da gidi thiéu phuong phdp xdy dung mo hinh
toan hoc theo quy ludr déng hoc phat trién qud trinh an mon Hydro dwong ong thép ¢ nhiét dé va ap
sudt cao. Cac md hinh toan hoc duwroc xay dung khi két hop ciing cde diéu kién bién dwrpe xdc dinh theo
thuc té san xudt sé cho phép tinh toan kha chinh xac tudi the cia hé théng dirong ong hogc s hao
mon do qud trinh dn mon theo thoi gian. Tur mo hinh tinh todn, badi bdo da xdc dinh dwoC dang an mon
xdy ra ¢ céc nhiét do khac nhau. Néu nhur nhiét ¢ trén 200°C thi Gn mon Hydro cé thé bé qua. Tuy
nhién, néu nhiér d@¢ trén 300°C thi qud trinh an mon Hydro 1& danh hieong 18 rét. Mé hinh ciing chi ra
sir phy thugc ciia an mon Hydro vao nhiér dg va ap sudt.
Tir kh6a: An mon hydro; &p suat, nhiér déng hoc, déng hoc.
Chi sé phan logi: 2.3
Abstract: The article introduces the phenomenon of Hydro corrosion with steel when in the
conditions of high temperature and pressure, especially piping systems in chemical factories. Based
on the thermodynamic analysis, the reactions between Hydro and the steel surface layer have
identified the conditions and trends of Hydro corrosion due to the influence of the temperature and
working pressure of the pipeline. To creating practical applicability, the paper introduced the method
of building mathematical models according to kinetic rules to develop the Hydro steel pipe corrosion
process at high temperature and pressure. Mathematical models built in combination with boundary
conditions determined according to production reality will allow a fairly accurate calculation of the
life of the piping system or the erosion due to corrosion over time. If the temperature is above 200°C,
hydrogen corrosion can be ignored. However, if the temperature is above 300 ° C, hydrogen corrosion
will significantly be affected. The model also shows the dependence of hydrogen corrosion on
temperature and pressure.
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1. Giéi thieu phép tinh qtoé’n chinh xAéc_ h0'1:1 Vl‘lflg b} éngmc‘m
: va la co s¢ xac dinh d¢ tin cay cua hé thong.
Thuc té cac nghién ciu hién nay vé an
mon hda hoc cha yéu thién vé an mon Oxy la
su tao mang Oxit ¢ nhiét d6 cao. Tuy nhién,
cac hé théng duong 6ng trong nha may hoa
chat ludn xuat hién Hydro ¢ trang thai nhiét
do va ap luc cao. Khi d6 an mon Hydro xay
ra rit manh liét va 1a yéu cau bat buoc phai
tinh dén. Nhiét dong hoc va dong hoc qua
trinh an mon nay hién nay hau nhu chua thay
cong bé trong nudc, do vay tac gia da di vao
xay dung quy luat dong hoc phat trién mang

An mon Hydro & nhiét 6 cao véi thép l1a
dang an mon kha phd bién, dic biét 1 trong
cac hé thong duong dng & nha may san xuat
axit H2SO4. Thong thuong chdng ta chi quan
tam dén tinh chiu nhiét (chéng in mon hoa
hoc) cho cac hé thdng nay. Tuy nhién khi co
sy tuong tac gitra Cacbon trong thép va
Hydro trong mdi truong s& dan dén tao mot
I6p san pham an mon 1a ving thoat Cacbon
ctia thép ma chua can tao mang 6xit. Do vay
viéc xac dinh diéu kién nhiét dong hoc va
quy luat dong hoc cua qué trinh nay sé cho


mailto:nguyenanhxuan@vimaru.edu.vn

36

Journal of Transportation Science and Technology, Vol 36, May 2020

an mon khi chiu an mon Hydro v&i nhiét do
va ap suat cao.

2. Phan tich nhiét dong hoc qua trinh
an mon Hydro véi thép

Trong thuc té cac loai thép sir dung ché
tao duong ong tai nhd may san xuit axit
H2S04 ¢6 may nhom sau:

- Nhém thép két cau hop kim phan nhém
thdm Cacbon dién hinh la 20Cr, 20CrNi,
12MoCr, véi két cAu yéu cau tudi tho thip co
thé dung thép C20. Con khi yéu cau nang cao
d6 bén, do ciing chéng mai mon thi c6 thé
dung thép 30CrMoAl. Nhém nay co6 nhiét do
Iam viéc nho hon 500°C;

- Khi nhiét @6 lam viéc tai nhiét do (700
+ 750)°C thi dung cac loai thép khong gi
Mactenxit 10Cr13 hoac 20Cr13;

- Khi nhiét @ lam viéc Ién t6i 16n hon
800°C thi thép duoc su dung la loai Austenit.
Thong thuong dung mac 10Cr18Nil0Ti, cd
b xung Ti dé tang tinh chiu nhiét.

Nhin chung céc loai thép nay déu dap
g tot viec chéng 6xi hda o nhiét d6 cao (3n
mon héa hoc) do vay néu méi truong lam
viéc dam bao kho thi vat liéu dam bao yéu
cau. Tuy nhién trong cac hé thong duong dng
& nha may san xuat axit H2SOs moi truong
chtra hoi nuwdc va mot sé khi c6 Hydro ludn
t6n tai. Piéu nay din dén trong moi trudng
lam viéc caa hé thdng ludn ton tai Hz va xay
ra hién tuong an mon Hydro. Thong thuong
thi Cacbon va céc nguyén té hop kim khi &
nhiét d6 thap < (200 + 300)°C it twong tac
véi Hydro. Nhung khi nhiét do > 300°C voi
&p luc cua Hz (Pu2) du lon bét dau xay ra
phan hoa Xementit:

FesC — 3Fe + C + 5800 Kcal @
Khi d6 xay ra tuong tac cua C véi Hz:
C + 2H2 — CH4 + 18000 Kcal (2)

~ Nhu vay su mat Cacbon trong thép duoc
tong hop lai theo phuong trinh:
FesC + 2Hz2 < 3Fe + CHa + Q (3)
Chicu phan tng thuan nghich (3) phu
thudc vao ti so:
P X2
K=tz —p 4)
1-x
O day Pr, va Pcr. 1a &p suét riéng phan
cua Hzva CHg; x la ti 1€ H2 trong hon hop khi

Hz - CHa [1]. Su phu thudc cua hang s6 can
bang phan tng K dugc chi ra nhu do thi.
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lg K =lg 2
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Hinh 1. Hang sé can bang K theo nhiéz do.

Nhin d6 thi ta thdy, khi nhiét do tang 1én
viing Fe(o) mé rong rat manh va phan ang
(3) cang dé xay ra. Do d6 xét vé mat nhiét
doéng hoc khi ap luc cua Hydro - Ph, du 16n
thi & nhiét d§ tor 300°C tr 1én s& cd hién
tuong &n mon Hydro véi thép. Nhiét do cang
cao yéu cau vé ap luc Hydro cang giam. Vian
dé 1a quy luat dong hoc phat trién 16p san
pham dn mon theo thoi gian 13 nhu thé ndo.

3. Quy luat dong hoc qua trinh in
mon Hydro véi thép

3.1. Anh hwéng cia dn mon Hydro
dén céc chi tiéu co tinh cia thép
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Hinh 2. Anh huong ciia an mon Hydro
daen co tinh thép C20.
1. Gidi han chay oo (KG/mm?);
2. B¢ gian dai twong doi & (%);
3. Gigi han bén on (KG/mm?);
4. Ham luwong Cachon (%);
5. B that ty doi w (%);
Al: Chiéu sau lép thoét Cacbon.
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Céac nghién ctu thuc nghiém vai thép
C20 di chi ra rang, chi véi Hydro trong
khong khi khi & nhiét d6 500°C va é&p suat
khi 1a 100 at thi cac chi tiéu co tinh cta thép
giam nghiém trong, tham chi khong du kha
nang lam viéc [1]. Két qua duoc chi ra trén
dd thi hinh 2. Nhin vao db thi ta thay néu ¢
diéu kién khong khi thong thuong, nhiét do
500°C va &p suat 100 at chi sau 12 gio 14 thép
C20 mit kha nang lam viéc. Va c6 thé noi
rang chu ky lam viéc cua thép C20 trong
khong khi & 500°C va &p suat 100 at 1a chi 12
gid. Nhu vay thoi gian din dén mat kha niang
lam viéc cua thép s€ ti 1€ nghich véi d6 lon
cua nhiét do tuyét doi, do d6 ta co quan hé:

Igro = B(1/T) (5)

Trong do6: ro: Chu ky lam viéc cua thép
khi chiu an mon Hydro & nhiét do cao; B: Hé
s6 thuc nghiém. Nho céc két qua thuc
nghiém d4 thiét 1ap duoc céc cong thic tinh
ro cho mot s6 loai thép co ban nhu sau:

Thép C35:

e13330 IT

o = "parz

(h) (6)

Vai:

C: Hing s (IgC = 3,4) nhiét do (400 =+
500)°C va P = (100 + 500) at; e: Co sb
logarit t nhién; T: Nhiét d6 tuyét ddi (°K).

Thép C20:

705 106 p(13500/T)-1,73

0 P
Déi vai thép 30CrMoAl ta co:
613 o (L1800/T)-3,08

(h O

o = P (h) (8
Mo hinh chung d tinh ro ¢ dang:
A.exp(C
= 2206 ©

V6i: C1 1a hang sé ¢6 dang C1 = B(1/T).

Nhu vay, tuy vao loai thép ta sé c6 cbng
thirc ph hop dé tinh duoc thoi gian lam viéc
cua thép véi nhiét d6 va ap suét cu thé. Van
dé tiép theo can phai xac dinh 1a chiéu day Al
cua l6p thoat Cacbon (san pham cia in mon
Hydro) tuan theo quy luét nao. Ta co ti sb:

Al (10)

W:K

Véi: I: Chiéu day vat lieu (mm); r: Thoi
gian lam viéc (h). Theo cac nghién cau ta co
[1]. [2], [3]:

K =a.P™ (11)
a1, ni: Cac hé sb hoat tinh trong diéu
kién thuc nghiém va mac thép cu thé. Theo
ly thuyét nhiét dong ta lai co:
E
K=Kl RT (12)

E: Nang lugng kich hoat tuy theo thép,
véi thép C20 thi E = 7200 Kcal/nguyén tu
gam; R: Hang sb khi 1y twong. Tir d6 ta c6
md hinh toan hoc tinh chiéu sau 16p thoat
Cacbon (san phdm in mon Hydro) nhu sau:

E
Al = Al RT r2pn|m R (13)

Trong d6: Al: Chiéu day 16p mat Cacbon
trén bé mat thép (mm); T: Nhiét do tuyét doi
(°K); r: Thoi gian lam viéc (h); R: Hang s6
khi 1y twong (1,987 Kcal/nguyén tir gam); P:
Ap lyc khi (at); I: Chiéu dai éng (mm); Rz
Bén kinh trong caa 6ng (mm); E: Ning luong
hoat tinh cua qué trinh thoat Cacbon tir thép,
véi thép C20 thi E = 7200 Kcal/nguyén tir
gam; a, n, m, M: C4c chi s6 mii anh hudng,
voi thep C20tacéo a = 0,5, n = 1,12; m =
0,71; M = 0,58. Khi d6 ta co:

A= Ay (52 P "1™ Ry ) (14)

ro, Po, lo, R20): Gia tri do duoc cuar, P,
I, Rz tai thoi diém tinh;

Khi ro =1h, Po =1 at, lo = 1 mm, Rz =
1 mm tacéd A= Ao = 0,0076 voi thép C20.
Cong thuc (13) &p dung hiéu qua trong
khoang ap luc khi tir (50 + 800) at va nhiét
do tir (350 + 600)°C. Pay la diéu kién 1am
viéc phu hop cua hé théng duong ng trong
cac nha may san xuét hoa chit, dic biét 1a
san xuat axit H2SOa.

3.2. Anh hwéng ciaa trang thai ng
suét 1én dong hoc qua trinh in mon Hydro
dbi véi thép

Cac hé théng duong 6ng khi 1am viéc
sau gia cong luén di ton tai noi ung suat va
c6 trang thai ung suat kha phac tap. Mat
khac, do truong nhiét do va ap suat phan b
khong dong déu nén sy gidn no nhiét sai
khac, tng suit cuc bo sai khac lai cang tao ra
trang thai ang suat phuac tap hon va do d6 ¢o
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tac dong manh hon t6i dong hoc hinh thanh
I6p thoat Cacbon ¢ mat trong cua ng khi
lam viéc. Bé xac dinh diéu nay, cac nghién
ctu thuc nghiém trén co s& mau thi nghiém
nhu sau: Mau éng thép dwoc san xuat hang
loat tir thép C20 (1a loai thép cd chat lugng
thap nhit duoc sir dung). Nhiét do thi nghiém
525°C va 4p suat cua Hydro la (50 + 800) at,
cac diéu kién nay tuong dong voi diéu kién
lam viéc thuc té. Sau cac thoi gian 1am viéc
kh&c nhau véi viéc thay doi 4p suat tao ra cac
trang thai wng suat khac nhau. Tién hanh do
chiéu day 16p thoat Cacbon (4l) thuc té, dbi
chiéu véi két qua tinh toan dé tién hanh hiéu
chinh. Két qua thu duoc md ta trén dd thi
hinh 3.

Tinh toan
Clriére deav ang | Trrrene

1 7 1 {mm)

Th e e

P Chién déi woong Zrmmn

Lidf's o e
=7 I (mm)
. ~ Tinh todan
P Al Chién day ang | = [Omm
; I .
‘-“_‘
=10 1 {mm)
A Thyre e
P ““\ Chiéu déy dng
p : e I L Eherrery
Ll 1 I b
1=10 I (mm)

Hinh 3. D thi so sanh chiéu day I6p thoat Cacbon
giza tinh toan va thuc te khi ¢6 anh huong
cua trgng thai #ng suat.

Pi 1a &p suat riéng phan trén ranh gigi
vung thoat Cacbon va kim loai co so. Khi c6
noi tng suat thuc té, gia tri Pi giam so Vi
tinh toan va do d6 Al ting 1én. Do d6 dé tinh
toan chiéu day l6p thoat Cacbon khi chiu an
mon Hydro ta can bo sung thém anh huéng
cua trang théi (g suat, tuc 1a:

Al = Altinh + Aling sudt
Vi Al tinh theo cong thurc (13) va:
Mo=Ko.o (16)

Ko: Hé sé thuc nghiém; o Gia tri tng
suit phat sinh trong vat liéu. Vi viéc bd
sung nay thi cac két qua tinh toan sé tro nén
chinh x4c hon trong diéu kién thuc té.

(15)

4. Két luan

Thép dudng 6ng trong nha méy san xuit
axit H2SOs khi 1am viéc trong diéu kién
chdng an mon héa hoc 1a dam bao. Nhung do
nhiét do cao, ap suat cao va ludn co Hydro
nén yéu cau tinh toan an mon Hydro 13 bét
budc. Khi nhiét @6 lam viéc nho (< 2000C)
c6 thé bo qua anh huong cua dn mon Hydro,
nhung khi nhi¢t d§ tang Ién (> 3000C) an
mon Hydro xay ra rat manh liét va anh
huéng nghiém trong dén tudi tho cua san
pham. Qua trinh dn mon Hydro phu thugc rat
manh vao nhiét do va ap suat, dac biét 1a ap
suit riéng phan cua Hydro. Do d6 can c6 cac
giai phép triet d& khir Hydro trong moi
truong lam viéc cua thép. M6 hinh tinh toan
dong hoc tudi tho va chiéu day 1op san pham
in mon 1a rat cy thé va tuong minh, véi moi
loai thép ta c6 thé tinh toan nhanh chong thoi
gian khai thac hiéu qua véi diéu kién nhiét
do, ap suat va nong do Hydro cy théQ
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