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OJIBIIMHCTBO MECTOPOXKIEHUI HA TEPPUTOPUU

Poccrm HAXOAATCA HA CTAAUU SKCILTYaTALUH,

XAPAKTEPUIYIOIIECHCA MAAAIOMIEN JOOBIYEL.
[T03TOMY HEOOXOIMMO YCOBEPIIEHCTBOBATh TEXHOJIOTHH
JULS IPOBEJIEHUSI PEMOHTHBIX PA0OT U IOBBIIIEHH S
HedTeOTAAUH. B HocnenHee BpeMs BCe OObIIE
BHUMAHUS YAEAIOT KOJTTIOOMHTOBBIM TEXHOJIOTUSIM.

Ceropus B Poccuu ru6kue Tpy6st (I'T) game Bcero
UCIIOJIb3YIOTCS V11 KUCJIOTHBIX OOPa00OTOK CKBAXKHH.
ITpu aToM I'T mOABEPrarOTCA BO3AEUCTBUIO KUCIOTHBIX
PaCcTBOPOB, U3-32 YETO MTOKPBIBAIOTCSA P2KABUMHOL,
UCTOHYAIOTCS, 4 IPU HAMATBIBAHUHN HA 6apadaH
UCIIBITBIBAIOT JOIIOJIHUTE/IbHBIE HATPY3KH HA U3TUO.
Bce 3TO NTPUBOAUT K PA3PYLIEHUIO THOKOU TPYyOBI U
HOCJIEAYIOIIEMY €€ OOPBIBY, N3-34 YETO YACTh TPYOHI
OCTA€ETCA B CKBAKUHE U SABJISAETCS UCTOYHUKOM HOHOB
JKEJ1e32 IIPH NOCIEAYIONNX KUCTIOTHBIX OOPa0OTKAX, 4
TAKXKeE TPEOYET JOPOrOCTOAINX JIOBUIBHBIX PA6OT [2].

Pa3IMYHBIMY HAYYHBIMUA HHCTUTYTAMH U3Y4AETCS
BOIIPOC 06 U3HOCOCTOMKOCTH KOJATIOOMHIA. B OCHOBHOM
MPOBOAATCSA PA6OTEI IO UCCIAEAOBAHUIO YCTATIOCTH
TPy6 NPU HAMATBIBAHUU U PA3MATBIBAHUH, U TOJIBKO B
HEKOTOPBIX CTATBAX YIIOMUHAETCS BKJIAJ] KOPPO3HHU B
paspyleHue rubKUx Tpyo.

OJHAKO U3yYEHNUE KOPPO3UH CTAJIN THOKUX TPYO
nMeeT GOJBIIOE MPAKTUYECKOE 3HAYEHUE. [ToaTOMY
IVIABHOI LIEJIBIO HAMIEN PAOOTHI OBUIO U3yYEHHE
KOppo3uu ctanu I'T Tpu KUCJIOTHBIX O6PA0OTKAX U €€
HEUTPANNU3ALINA METOAOM ITACCUBALUY ITOBEPXHOCTH
TPYO.

KoppO3HMOHHBIE ITPOLECCHI OTIMYAIOTCS MU POKUM
PacrpoOCTPaHEHUEM U PA3HOOOPA3UEM YCIIOBUI
U CPeJl, B KOTOPBIX OHU IIPOTEKAIOT. B CBA3M C
OOJIBIIUM KOJTMYECTBOM BUJIOB KOPPO3UH HAXOIAT
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ost of the fields on Russian territory are
characterized by falling production rates.
That is why it is necessary to improve
the technologies of service and production
enhancement. A high priority has been given to
coiled tubing technologies lately.

In Russia, coiled tubing (CT) is mostly used today
for acid treatment of wells. During the process the
coiled tubes are subjected to the impact of acid
solutions making them rusty and thin. While they
are reeled on a spool, the tubes suffer additional
bend load. All of it brings about destruction of a CT
and its further rupture. Part of the tube remains in
the well and produces iron ions during further acid
treatments and requires costly fishing operations [2].

Various scientific institutes study fatigue life of CT.
Most of the research projects examine CT fatigue as
it is reeled or unreeled and only few articles mention
the role of corrosion in CT destruction.

Yet, studying CT steel corrosion has great practical
importance. That is why our research was aimed
mainly at examination of steel corrosion during CT
treatment and its neutralization via passivation of the
tube surface.

Corrosion processes are widely spread and
conditions and types of environment in which they
occur are extremely different. Given that the types of
corrosion are numerous, various sorts of protection
are applied: cathode protection, corrosion inhibitors,
application of undersealing on the surface of the
material subjected to corrosion [1].

Our study analyzes protection from corrosion with
the help of passivators producing thin protective
films covering the metal with almost impenetrable




IPUMEHEHHUE PA3INYHBIE CIIOCOOD! 3AIIUTEI OT HEE,
TAKHE KAK YCTAHOBKA KATOAHOU 3aIIUTLL, IPUMEHEHNE
UHTHOUTOPOB KOPPO3UH, A TAKXKE HAHECEHHE 3aIUTHBIX
HOKPBITHUI HA HOBEPXHOCTb KOPPOAUPYIOIIETO
marepuaia [1).

B nHameit paboTe B KAa4eCTBE METO/IA 3ALUTHI OT
KOPPO3HUHU MBI IPUMEHSIIN OOPA0OTKY MTACCUBATOPAMH,
O6PA3YIOMMMH TOHKHE 3AIUTHBIE IVIEHKH,
MHOKPBIBAIOMIE METAJLJI HIOYTU HEMPOHHUIAEMBIM CJIOEM,
Omaropapsi YeMy KOPPO3HUs CUJIBHO TOPMO3UTCS UIH
MOJIHOCTBIO MIPEKPAIIAETCS. B KaUueCTBE TaCCUBATOPOB
UCIIOJIb3YIOTCS BOJHBIE PACTBOPBI KMCJIOT, TAKUX KAK
CepHas, A30THAS U INIABUKOBASA. TAKKE UCTIONb3YIOTCS
PaCTBOPBL, COAEPKAIIIE HUTPAT-, HUTPUT- U (POCPaT-
WOHBL

B 1a60paTOPHBIX UCCIENOBAHUAX UCTIOIB30BATIACH
TUIOBAS IPABUMETPUYECKAS METOJUKA OLICHKH
CKOPOCTH KOPPO3UHU CTAIN. B KauecTBe OObEKTA
UCCIEN0OBAHMS ObLIN B3SITHI OOPA31Ibl CTAJIN THOKUX TPYO
HS—70TM CM, usrorosneHHble (hpupmoit Tenaris.

MeTOoANKA MACCUBALINY PA3PA0ATHIBATIACh HA OCHOBE
TEXHOJOTMYECKUX TPEOOBAHNI UCIIOIb30BAHUA
KOJTIOOMHTOBBIX TPY6 IIPU KUCIOTHBIX OOPA0OTKAX.
[Ipu1 3TOM NEPBOHAYATIBHO OOPA3LIbI TPYO
BBIJIEP’KHBAJIACE B TTACCUBATOPAX, CJIEAYIOMIEH
CTaIUEN IKCIIEPUMEHTA OBLIIO UCCIIEJOBAHUE KOPPO3UU
06pPabOTAHHBIX ITACCUBATOPOM OOPA3LIOB B 12%-11
COJIAHOU KHCIIOTE.

B KauecTBE IaCCUBATOPOB OBLIIN BBIOPAHBI CJIEAYIONINE
BeuiecTBa: pocdopHasy, Cyab(pPaMHUHOBAS, CEPHAS,
A30THAs KMUCJIOTBHI, 4 TAKXKE

technologies

layer. It inhibits corrosion or stops it completely.
Water solutions of sulphuric, nitric and fluorspar
acids are used as passivators. Solutions containing
nitrate, nitrite and phosphate ions as well are applied
as well.

Standard gravimetrical method of steel corrosion
rate calculation was used in the laboratory tetsts.
Samples of HS—70TM CM CT steel produced by
Tenaris were taken for the study.

The method of passivation was designed on the
basis of technological requirements for coiled tubes
during acid treatment. At first the samples of tubes
were kept in passivators. At the next stage of the
experiment the passivated samples were placed into
12% hydrochloric acid.

The following substances were used as passivators:
phosphorous, sulfamic, sulphuric and nitric acids,
cobalt nitrate, sodium nitrate and modifier CK-A,
recommended by various research groups for
this prpose [3]. The choice of the most effective
passivating agent is made on the basis of comparison
of CT steel corrosion rate without passivating
solutions and with preliminary treatment by one
of the passivators. Samples of CT were kept in 1%
passivating solutions for 30 minutes. The research
data are supplied in Table 1. The outside look of
samples treated by passivators is also presented as
well as mass changes in samples after treatment.

According to the data of the table, the rate of
corrosion in acid composition without a passivator is

HUTPAT KOOAJIBTA, HUTPUT

HaTpus U MOJUPUKATOP «CK-A»,
PEKOMEH/TYEMBIC PA3TUIHBIMU
HCCIIEIOBATE/ISIMU JIJISI STHUX
neier [3]. Beitbop Haubosiee

3P PEKTUBHOIO TACCUBUPYIOIIETO
areHTa IPOU3BO/INJICS HA OCHOBE

B kauecTBe obbekTa nccnegoBaHusa ObInv B3AThI
obpas3Lbl cTanu rmbkux Tp )
N3roToBJieHHble hmpMon Tenaris.

Samples of HS-70TM CM CT steel produced by Tenaris
were taken for the study.

6 HS-70TM CM,

CPAaBHEHUA CKOPOCTHU KOPPO3UH
CTAJIN KOJITIOOUMHI'OBBIX TPYO
6€3 BO3/IEUCTBUS NACCUBUPYIOIINX PACTBOPOB
U C IPEABAPUTEIBHON OOPAOOTKON OJJHUM U3
maccuBaTopoB. O6pasuel I'T BEIIEPKUBAINUCH B 19%-X
[TACCUBHUPYIOINX PACTBOPax 30 MUHYT. JJaHHBIE
HUCCJICJOBAHUH IPEACTABJICHBI B Ta0nue 1. Takxe
NPEACTABJICH BHEITHUN BU/T OOPA3LI0B IIOCTIE
BO3/ICHCTBUSI NACCUBATOPA, YKA34HO U3BMEHECHHE MACCHI
06pas1ia OCJIE €0 BO3ACHCTBHSL

W3 1aHHBIX TAOGIHLIBI CJIEAYET, YTO CKOPOCTD
KOPPO3UH B KUCJIOTHOM COCTABE O€3 ITaCCUBATOPA
cocrasngeT 0,75 r/9ac*M2, Py BO3AENCTBUNA
MACCUBATOPOB KOJIEOIETCS B JOCTATOYHO HIHUPOKOM
JuanasoHe. Hauxyane pesypTaThl IOKa3a/IM a30THAS
U Cy/b(PAMHUHOBASA KUCJIOTBL PACTBOPBLI HA OCHOBE
HUTPUTA HATPHS, HUTPATA KOOAJIBTA, A TAKXKE CEPHOM
1 POCPHPOPHON KHUCIOTHI IIOKAZAIU PE3YJIBTATEI BbILIEC
CKOPOCTH KOPPO3HHU 6€3 06PA6OTKU MACCUBATOPOM. }

0.75 g/h'm? During the impact of passivators it ranges
widely. The worst results were demonstrated by nitric
and csulfamic acids. Solutions on the basis of sodium
nitrate, cobalt nitrate, sulphuric and phosphorous
acids showed the results that were higher than the
corrosion rate without passivation treatment. Only the
modifier CK-A made the corrosion rate substantially
below the rate without passivation treatment. The
analysis of the exterior of the film suggests that the
film produced by modifier CK-A is even and covers a
larger area of the sample than other passivators. That
is why modifier CK-A was chosen as the only base for
passivating solutions in further research.

Since the mechanism of passivation is very
complicated, it is suggested that the pasivating films
include ions of metal, pasivating agents, oxygen and
water.
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TEXHOJIOT'NH

W TONBKO MOU(DUKATOD Taonuua 1 — Ckopocms kopposuumemannalI'T npu 6o30eticmeun
«CK-A» TIOK232JT Dpasauunvix naccusupyrouux azenmos
Table 1 — CT metal corrosion rate during treatment by various
CKOPOCTP KOPpO3HH passivating agents
3HAYUTEIBHO HIKE
CKOPOCTH KOPPO3HH 6€3 Cropocms
06paOOTKH ITACCUBATOPOM. Kopposuu, Hamenenue
W3 2HATH34 BHEIIHETO Haccueu.pyn‘)uquu azenm 2/uac .z.w iy Bneuu.mu 6uo
Passivating agent Corrosion 7 Exteriorlook

BU/IA TUIEHKH BUJTHO, 4TO R Mass change
IUICHKA, OOpPa30BaHHAS g&/bour m?
MOAUPUKATOPOM «CK-A»,
PaBHOMEPHAS U IO
CPaBHEHUIO C IPYTUMH
MACCUBATOPAMHU ITOKPBIBAET

p p @OC%OP?Z&UI Kucxz;ma 0,78 0,0008
OOJIBIIYIO TIOBEPXHOCTH Phosphorus aci
o6pasua. [Toatomy

. CYbPAMUNOBAA KUCIOMA
JJIbHCUIITNE UCCTICAOBAHUSI Sulfamic acid 140 0,0009
MPOBOANJINCH TOJIBKO C
MOﬂI/Iq)I/IKaTOpOM «CK-A» Cep?‘a}f KuCJZO?’(;Z(l 597 ~0.0068
Sulpburic aci > ?

B KA4E€CTBE OCHOBBI JIJI P
MMACCUBHUPYIOMIETO PACTBOPA. Ao KUCAOMAL

TaK KaK ITaCCUBAITUS Nitric acid 597 -0,0017

1O CBOEMY MEXAHU3MY —

o Humpam xobansma
OYEHD CIOKHBIH Cobalt nitrate 133 -0,0012
MPOLIECC, CYIECTBYET
MIPEATIOTIOXCHUE, YTO B Ht;ronézzzlz Z;:%):ﬂ 140 -0,0012
COCTAB MACCUBUPYIOMUX
IJIEHOK BXOJAT UOHBI Modugburamop «CK-A> 020 o0
METAJIIA, TACCUBUPYIOMUX Modifier CK-A ’ ’
ATr€HTOB, 4 TAKXKE KUCJIOPOJ,
W BOJA.

Yro kacaercsa Mmogudukaropa «CK-A», TO MOXHO As far as modifier CK-A is concerned, its passivating
PEAIIONOXKUTD, YTO B COCTAB €I'0 ITACCUBUPYIOLIEH film may include fluorine ferrates, which are
IJIEHKU BXOJAT (PTOP-(peppaThl, KOTOPBIE B CBOIO insoluble both in water and acid compositions.
o4depeb HEPACTBOPUMBI B BOZIE, 4 TAKXKE B PACTBOPE The analysis of modifier CK-Aincluded selection
KUCTIOT. of the most effective concentration of this reagent

Ananus geicteusa moguduraropa «CK-A» and the best time of exposure of the tube samples in
3AKJIIOYAJICS B IOJ00pE Hanboee 3(pheKTUBHOM passivating solution. The results of the researches are
KOHIEHTPAIIUU 3TOI'O PEAT€HTA B BOJHOM PACTBOPE supplied in the graph (Figure 1).

U OIIPCAC/ICHUN
OIITUMAJIbHOI'O BDEMCHU

BEUICPAKY OGPABLIOB TPYG B Moaundukatop «CK-A» nokasan ckopoCTb KOPPO3nKn
naccusupyiomen pactsope. | 3HAYNTENIBHO HUXKE CKOPOCTU KOppo3umn 6e3 0bpaboTku

Pe3ybTaThl UCCIEOBAHUI NMnacCcnBaTopPOM.
NIPEACTABJICHBI HA I'paduke
(PuCyHOK 1). Only the modifier CK-A made the corrosion rate
[lonyuentbie sHauCHMS substantially below the rate without passivation treatment.

CPaBHUBAJINCH CO
CKOPOCTBIO KOPPO3UU B

AIPECCUBHON Cpefie 6€3 IPEIBAPUTENIBHON O6PabOTKHU The obtained values were compared to the corrosion
IMACCUBATOPOM. rate in the aggressive medium without preliminary
Lle/1bI0 HAIIIETO UCCIIEJOBAHM S OBUIO ITOZI0OPATH treatment by a passivator.
TAKYIO KOHIIEHTPAIHIO, IPH KOTOPOH CKOPOCTD Our research was aimed at choosing the ideal
KOPPO3UH1 3HAYUTEIBHO OB CHUXKAJIACH ITOCTIE concentration for reducing the corrosion rate after
06pabOTKH TACCUBATOPOM. OBIACTD XKETAEMBIX passivating treatment. Blue sector on the graphisa
PE3YIBTATOB NOKA3aHA Ha IPA(UKE CUHUM IIBETOM. field of the intended results. The graph suggests that
M3 rpacduka BUJHO, YTO TUM TPEOOBAHUAM 0.5, 1.0 and 1.5 % mass concentration of modifier CK-A
YAOBJIECTBOPAIOT KOHLIEHTPAaLuu Moauduraropa «CK-A» correspond to the requirements. The curves showing
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0,5; 1,0; 1,5 % MacC — KPpUBBIE 3aBUCUMOCTHU CKOPOCTHU
KOPPO3HUHU OT BDEMEHHU BBIJIEPKKH JIEXKAT B TOM
06J1aCTH.

I1pu aHa/IN3€ BIMAHNA BDEMEHHU BBIJIEPKKU HA
CKOPOCTB KOPPO3UH UHTEPECHO OTMETUTD ITUPOKUI
JIAATIA30H BPEMEHU BBIZICPXKKH C 30 10 60 MUHYT,

B KOTOPOM HE BU/IHO 3HAYUTEJIbBHOI'O U3BMEHEHU A
adpeKTa MacCUBATOPA /111 BBIOPAHHBIX HAMU
PEKOMEHAYEMBIX KOHLIEHTPALIMU MOAU(PUKATOPA
«CK-A» — 0,5; 1,0; 1,5% macc.

Ha ocHOBE NONMYYEHHBIX JJAHHBIX MBI IIPEJJIATAEM
TEXHOJIOI'UIO OOPAOOTKHU CTAJIN THOKUX TPYyO
[IACCUBATOPOM Ha OCHOBE Moau(pukaropa «CK-A» nepey,
06pPabOTKOM I11ACTA COITHONU KUCJIOTOM.

[y ocymecTsieHus naccusauuu I'T Ipy OTKPBITOM
TPYOHOM IPOCTPAHCTBE 3aKA4YUBAIOT YEPE3 F'HOKYIO
TPyOy NACCUBUPYIONIUHI PACTBOP MOAUPHUKATOPA
CKA (1% macc) B o6beme HKT, mociie uero TpybHoe
NPOCTPAHCTBO 3AKPBIBAIOT U JIETAIOT BBIJICPKKY B
Teuenue 30 MunyT. [To MCTEYEHNN BDEMEHU ITPOAYKTHI
PEAKLIN BBIMBIBAIOT U3 I'MOKOM TPYyObI BOAOM Yepes
OTKPBITOE TPYOHOE NPOCTPAHCTBO B CIIELINATIBHYIO
NPUEMHYIO EMKOCTB, IIOCJIE
YEro NPOBOASAT PAOOTHI

technologies

dependence of corrosion rate from time of pssivating
stand lie in this field.

While analyzing the influence of the time of
passivation in modifier CK-A on corrosion rate, it is
interesting to notice a wide diapason of soak period
between 30 and 60 minutes, when no substantial
changes are observed for the selected concentration
values 0.5, 1.0 and 1.5 % of the mass.

On the ground of the obtained results, we suggest a
technology of CT steel treatment by a passivator based
on modifier CK-A, before exposing a formation to the
impact of hydrochloric acid.

In order to produce a CT passivation the solution
of the modifier C-KA (1% of the mass) is pumped in via
CT with the annular space open. The volume of the
solution should be equal to the volume of the tube.
After that the annular space is closed and the tube is
exposed to the impact of solution for 30 minutes. Then
the products of the reaction are washed out from CT
by water through the open annular space into a special
receiving tank. After that the acid treatment operations
are performed.

B [IACCHBUPYIOMIEM
pacTBOpE, U3y4YEHO BIUSHUE
BPEMEHMU BBIICPKKU HA
WHTEHCUBHOCTb CKOPOCTH
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6 Kauecmaee naccuéamopamoougpurxamopa «CK-A»

JINTEPATYPA/REFERENCES

1. Tomawos, H. [. Teopus koppo3nu
v 3awWwmTa metannos/

H. A. Tomawos. - M.: U3a-so AH CCCP, 1959.-591 c.

2. bynatos, A. U. KonTiobuHroBble TexHONornm npu dypeHuu,
3aKaH4YMBaHUM M PeMOHTE He(dTAHBIX 1 ra30BbIX CKBaXMH:
cnpaBoyHoe nocobue/A. U. bynatos. — KpacHoaap:
MNpocselueHme-tOr, 2008. - 370 c.

3. Ynur, I.T., Peeu, P. Y. Koppo3sus n 6opbba c Hen. BeegeHune B
KOPPO3UOHHYI0 HayKy n TexHuky /I . Ynur, P. Y. PeBu; nop peg.
A. M. CyxoTuHa. - J1.: Xumna,1989. — MNep. n3ga., CWA, 1985.-261 c.

Figure 1 - Study of CT steel corrosion rate with Modifier CK-A used as a passivator

Thus our study:
* Demonstrates the processes of CT steel corrosion
* Proves the efficiency of using the modifier CK-A
as a passivating agent.
» Suggests the best concentration of modifier CK-A
in a passivating solution and specifies the impact of
stand time on corrosion intensity.
 Offers a technology of treating the CT with
a passivator before well acid treatment. ©
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