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Tom tat

Qua trinh an mon kim loai dudi I6p béo 6n (Corrosion Under Insulation - CUI) rdt kho theo ddi va kiém sodt, thudng chi dugc phat
hién khi thao I6p bao 6n dé khao sat hodc khi xay ra su ¢. Do d6, viéc nghién ctiu phat hién an mon dudi [6p bao 6n déng vai tro rat quan
trong, nham xac dinh chinh xac cac vi tri c6 nguy co cao xay ra an mon kim loai dudi I6p bao on, gip phong chang kip thai hong hdc, giam
thiéu chi phi bao dudng stta chita, gitp nha méay van hanh 6n dinh, hiéu qué va an toan. Bai bao gidi thiéu cac phuong phap dé phat hién
an mon kim loai dudi IGp bao 6n nhu: chup phdng xa, siéu dm dan hudng, dong xody xung, chup anh camera nhiét, tan xa ngugc neutron

va kiém tra truc quan.

Tir khéa: An mon dusi [6p bao on, chup phéng xa, siéu am dan hudng, dong xody xung, camera nhiét, tin xa ngugc neutron.

1. Gidi thiéu

An mon kim loai dudi |6p bao 6n la dang an mon khé
phat hién nhat, c6 thé xuat hién trén cac thiét bi dang
van hanh, dung van hanh hoan toan hodc tam thai. Theo
thdng ké, co téi hon 40% dudng 6ng, thiét bi bi pha hay
do dan mon kim loai dudi I6p bdo 6n. Nguyén nhan chinh
gay ra hién tugng nay la do trén bé mat kim loai c6 tén tai
nudc/hai nudc. Viéc st dung 16p vo nhém 6p bén ngoai
¢6 vai tro bao vé I6p bao 6n, gilt cho I6p bao 6n luén
khé va cach ly v6i méi trudng dm. Tuy nhién, trong qua
trinh van hanh, theo thdi gian véi su thay d6i cla nhiét
do moi truong va/hodc tac dong cla ngoai luc... sé lam
suy thoai/gia héa keo trdm, hu hong 16p vé va I6p bdo 6n,
do vay nuéc c6 thé thdm vao bén trong. Tai vi tri bdo én bi
am uét, bé mat dudng 6ng kim loai tiép xtc véi nudc chira
oxy hoa tan/tac nhan an mon khac bj 4n mon theo co ché
an mon dién hoéa (Hinh 1).

C6 2 phuang phap gian ti€p phat hién lugng dm dudi
I6p bdo 6n la chup anh camera nhiét va tan xa neutron.
Ngoai 2 phuong phap gian tiép nay con co cac phuong
phap danh gia truc ti€p mic dé an mon dudi I6p bao én,
xac dinh d6 suy giam chiéu day thanh dudng 6ng, thiét
bi nhu: chup phim phéng xa, siéu am dan huéng (Guided
Wave), dong xody xung (PEC) va kiém tra truc quan. Méi
phuang phéap déu cé uu nhugc diém riéng.

Ngay nhdn bai: 29/11/2018. Ngay phdn bién ddnh gid va sia chita: 29/11 - 11/12/2018.
Ngay bai bdo duoc duyét ddng: 6/3/2019.
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Hinh 1. Phdn tng gdy dn mon kim logi khi ¢ nudc, hoi dm [1]

2. Cac phuong phap phat hién gian tiép an mon dudi
16p bao 6n
2.1. Phuong phdp su dung camera nhiét [2]

Camera nhiét (thermographic camera) la mét loai
camera st dung cdm bién nhiét dé chup &nh. Camera
nhiét ban chat la camera héng ngoai st dung cac tia buic
xa héng ngoai hoat déng & dai song cé budc séng tu
9.000 - 14.000nm (9 - 14pm). Céc tia héng ngoai nay c6
khad nang phat hién su thay déi nhiét do, anh sang. Khi
gap cac vat cé nhiét d6 khac nhau, cac song phan xa hdng
ngoai thu dugc khuéch dai anh sdng. Thong qua cac thiét
bi cdm bién, tin hiéu nhiét dugc tao thanh mot hinh anh.

Camera nhiét d6 héng ngoai cho phép chup anh bé
mat déi tugng & xa hodc déi tugng khéng thé do nhiét do
truc ti€p. Camera nhiét c6 2 loai chinh la cdm bién dugc
lam lanh va cam bién khéng dugc lam lanh.

- Camera c6 cdm bién dugc lam lanh: Nhiét dé lam
lanh trong khodng 4°K dén dugi nhiét dé phong (cha yéu
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hoat dong trong khoang 60 -100°K). Bac
diém clia loai camera nay la cho hinh anh
chat lugng cao hon loai camera c6 cam
bién khong dugc lam lanh, tuy nhién gia
thanh cao, tiéu thu nhiéu nang lugng
(cho hé théng lam lanh) va ton thoi gian
lam lanh. Do c6 dd nhay cao, camera nay
cho phép lap thém 6ng kinh co tiéu cu
I6n (F-number 16n), c6 thé gidm kich c&
va gia thanh ctia 6ng kinh 1ap thém, tir dé
cho phép quan sat v&i khodng céch xa.

- Camera c6 cam bién khong dugc
ldam lanh: Cadm bién én dinh va lam viéc
& nhiét d6 moi trudng, camera nho va ré
haon tuy nhién dé phan giai va chat lugng
anh théap hon.

Ung dung

Phuong phdp chup anh s dung
camera nhiét la phuong phdp truc quan
nham khoanh vung cac khu vuc cé nguy
€o an mon. Tai cac vi tri bado én c6 khuyét
tat, c6 hién tugng ngung tu dm, hé s6
truyén nhiét trong bao 6n khé va bao
6n &m khac nhau dan dén su chénh léch
nhiét d6 va dugc phat hién nho hinh anh
camera nhiét.

Kiém tra ro ri khi gas trong dudng
6ng (Hinh 4)

Uu diém clia camera nhiét 3 c6 thé
kiém tra khi thiét bi dang van hanh; c6
thé kiém tra nhanh trén dién réng; khéng
can dén khau xtr ly b6 sung... Tuy nhién,
thiét bi nay ciing c6 nhugc diém la su
khéng déng nhat vé vat liéu dan dén
phan xa nhiét khac nhau, anh huéng dén
d6 chinh xac cao; c6 thé bi anh hudng bai
cac nguodn buic xa nhiét xung quanh.

2.2. Phuong phdp tdn xa nguoc neutron [2]

Phuong phap nay dua trén sy giam
téc clia neutron xuat phat tr moét nguén
neutron nhanh do va cham, chl yéu
v@i cac hat nhan hydro. Bang cach do
s6 lugng cac neutron lam cham do qua
trinh tuong tac véi nguyén td hydro khi
di qua méi trudng vat liéu cé thé xac
dinh s6 lugng nguyén ti hydro c6 trong

Hé théng

hong ngoai

.

197,5°C

Quang hoc  Cam bién bién

t Hién thi

Hinh 2. Cdu tao ctia camera nhiét [2]

dng camera nhiét [2]
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vat liéu. Trén cd s& dé€m sé nguyén tir hydro nay cho biét
lugng nuéc c6 mat trong vat liéu. Cac ngudén neutron
thuong dugc c6 dinh trén dau do ctia may.

Thiét bi MCM-2Hydrotector (Instrotek, My), di do &m
0 - 70% dugc st dung dé phat hién d6 dm dudi I6p bao
o6n (Hinh 6).

Phuong phap st dung thiét bi nhd gon, c6 thé kiém tra
nhanh, két qua hién thi thdi gian thuc, dé danh gia mdc d6
am, khéng can thao d& 16p boc bao én; c6 thé kiém tra ngay
cé khi dang van hanh thiét bi; c6 can néi dai dé linh déng
kiém tra céc vi tri kho tiép can; d6 chinh xac cao... Phuong
phap tan xa ngugc neutron c6 thé anh huéng bai vat liéu
chua hydro (néu cd) trong 16p bao 6n va khéng chinh xac
khi I6p bdo 6n c6 khoang tréng hodc gan nguén dm cao.

3. Cac phuong phap phat hién truc ti€p an mén duéi
I6p bao 6n
3.1. Phuong phdp siéu adm dén huéng [2, 3]

Phuong phap siéu am dan huéng ung dung trong
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Hinh 7. Cdu tao, nguyén ly hoat ddng thiét b siéu am ddn hudng [2]

kiém tra dudng 6ng (Guide Wave Ultrasonic) hay con goi
la Long Range Ultrasonic (LRUT).

Siéu am dan hudng sir dung mot vong dém chira cac
dau do gan xung quanh dudng 6ng tao ra séng siéu am
tan s6 thap truyén theo hudng doc truc cia dudng éng
vé 2 phia cia vong dém. Tai moét vi tri bat thudng (hao
hut vé chiéu day hodc thay déi tiét dién &ng), séng siéu
am sé phan xa xung vong tu vi tri bat thuong. Dua vao
thoi gian xuat hién cda xung vong va van téc lan truyén
song xac dinh dugc vi tri bat thugng (an mon). Mic d6 an
mon dugc udc tinh dua trén su hao hut dién tich mat cat
ngang.

Phuong phéap siéu am dan huéng pham vi kiém tra
réng, c6 thé kiém tra dudng 6ng dai dén 91m. Phuang
phdap nay gidi han nhiét d6 van hanh dudgi 125°C. An mon
pitting hodc &n mon 1an can mai han cé thé khong phat
hién dugc. Pudng éng c6 chia chat léng d6 nhét cao
hodc c6 nhiéu méi han/mét bich lam gidm kha nang kiém
tra. Chi phi dau tu thiét bi I6n.
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3.2. Phuong phdp chup dnh X-ray ky thudt sé [4]

Khéc véi chup anh phéng xa dung phim, phim trong
phuong phap nay dugc thay bang tam tao anh (imaging
plate) c6 trang I6p phosphor luu trir (storage) va kich
thich phat sang (photostimulable luminescence). Tam tao
anh khi dugc tia X chiéu 1én sé tao nén 1 tiém anh (latent
image), sau dé tam tao anh nay sé phat quang lan 2 khi
quét bdi 1 tia laser trong may ky thuat s6 hoéa (digitiser),
anh sang nay dugc bat lay (capture) va cho ra hinh ky
thuat s6 tuic 1a 6 su chuyén déi ti hinh analog ra digital.
Hinh nay sé dugc chuyén qua may dién toan chu dé xi ly.
Tam tao anh sé dugc x6a b&i ngudn énh sang trang va tai
st dung.

X quang ky thuat s& cé thé xem truc ti€p trén man
hinh monitor va chinh sta, phéng to viing can quan sét...
Tam tao anh phosphor luu tri (phosphor storage plate)
va bang cam ung (sensor panel) cé kha nang chup lai
nhiéu 1an, c6 dai phé xa réng han phim X quang quy udc,
nén khéng sg héng phim do tia qua yéu hodc qua manh.
Hinh X quang dién toan sau khi x& ly bang cac phan mém
chuyén dung cho céc hinh anh chat lugng cao hon phim
X quang c8 dién. Viéc luu trit cdc hinh anh tré nén dé dang
trong céac dia CD-ROM. Tuy nhién, X quang ky thuat so la
may mdc, phim kho dat tién hon so véi hé thong X quang
6 dién.

3.3. Phuong phdp dong xody xung PEC [5, 6]

Ky thudt dong xody xung st dung cac xung lap di lap
lai c6 budc séng ngén thay cho tin hiéu xung hinh sin
tan s6 don. Vi kha nang xuyén thau phu thudc vao tan so,
nén su khuéch tan ctia dong xung phat ra trum Ién hét
chiéu day thanh 6ng. Xung c6 tan sé I6n sé xuyén qua
kém hon tan s6 thap. Kha nang dam xuyén phu thuéc
vao thai gian. Khi xuat hién cac vi tri bat lién tuc, xung sé
bi ngat va hién thi trén thiét bi bdng thai gian gian doan.
Tu d6 xac dinh dugc khuyét tat trén bé mat va trong than
thiét bi, duéng éng boc bao én.

Phuong phap dong xody xung PEC khéng can thao
bdo 6n, s dung trong khoang nhiét do réng -100°C
- 550°C nhung kho phat hién dn mon pitting, khong s
dung d6i véi thép ma kém hodc phd nhém.

3.4. Phuong phdp kiém tra truc quan

Phuong phap kiém tra truc quan la phuong phap don
gidn nhat dé kiém tra an mon dudi 16p bao én. Phuang
phap nay chi can thao bé I6p béo 6n va kiém tra diéu kién
bé mat clia dudng 6ng hay thiét bi boc bao 6n bang mat
thudng. Phuong phap kiém tra truc quan co thé chia lam

Vi trf ¢8 dinh thiét bi GWUT
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Hinh 8. Hinh dnh hién thi viing dn mon dudi I6p bdo on tuong ting [2]

Hinh 9. Hinh dnh chup X quang ky thudt sé duong dng xuyén qua Idp boc bdo on [4]
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Hinh 10. Nguyén ly hoat déng phuong phdp dong xody xung PEC [6]

2 dang: thao bd 1 phan bao 6n hodc thao bo hoan toan
I6p bao 6n.

Chi ¢6 phuong phap nay mai cé thé phat hién 100%
huhong an mon bé mat bén ngoai. Tuy nhién nhugc diém
la chi phi thuc hién I6n do phai thao va lap sta lai I6p bao
on (dac biét vi tri phai 13p gian gido...); c6 thé anh huédng
dén ché d6 cong nghé khi thao bao 6n luc dudng éng
dang hoat dong.

4, Két luan

DPé nang cao hiéu qua kinh té va ky thuat, cdc nha may
st dung két hgp cac phuang phap phat hién an mon kim
loai dudi I6p bdo 6n. Cac nha may thudng nhan dién va
phan loai céc loai dudng éng, thiét bi cé nguy co an mon
kim loai dugi I6p bdo 6n tir cao tdi thap, sau do dua ra
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Hinh 11. Hinh dnh hién thi vi tri CUl bdng phudng phdp dong xody xung PEC [6]

. _

Hinh 12. Phuang phdp kiém tra tryc quan dn mon dudi Idp bdo on

chuaong trinh ki€ém tra &n mon kim loai dudi I6p bao 6n
cho tiing dudng 6ng, thiét bi dinh ky, uu tién kiém tra mdc
rdi ro cao trudc va lua chon céc phuong phap kiém tra tiét
kiém va hiéu qua nhat.
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METHODS TO DETECT CORROSION UNDER INSULATION

Pham Vu Dung, Nguyen Dinh Dung, Nguyen Thi Le Hien
Vietnam Petroleum Institute
Email: dungpv@vpi.pvn.vn

Summary

Corrosion under insulation (CUI) is difficult to monitor and control. It is usually only detected when the insulation layer is removed
for surveying or when an incident occurs. The study of corrosive detection under the insulation layer therefore plays a very important
role in accurately determining the location of high risk of corrosion under insulation, which can help prevent breakdowns and minimise
maintenance costs, contributing to the stable, effective and safe operation of the plant. The paper introduces methods for detecting
corrosion under insulation such as Radiography, Guided Wave Ultrasonic, Pulsed Eddy Current, Thermography, Neutron Backscatter and
Visual Inspection.

Key words: Corrosion under insulation, Radiography, Guided Wave Ultrasonic, Pulsed Eddy Current, Thermography, Neutron Backscatter.
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