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JAETPAJALIIA METAJY TPYB I YAC TPUBAJIOI'O
TPAHCIIOPTYBAHHA AMIAKY

Pestome. Tepumopicio  Vkpainu npoxooumsv macicmpanvuuti amiaxonposio Tonvsammi—Ooeca, 6i0
AK020 AHCUBUMBCA BCS XIMIUHA NPOMUCIOBICIb 0epicasu. AMIAK € 8USHAYANLHOIO CKIAO080I0 NPU 8UPOOHUYME]
MiHepanbHux 006pus. Tepmin excnayamayii amiakonposoody ckiadae nonad 30 poxie. Baowcausicmv ybo2o
VHIKAbHO20 00’ €Kma, eKoN02TuHI HACIOKU 8 PA3i GUMIKAHHS aMIaKy 8 HABKOIUWHE cepedosuuye i NepioouyHi
asapii, wo mpanisiucs Ha PisHux 1020 OLIAHKAX 3YMOSUNU HeOOXIOHICIbL PemenbH020 aHANI3Y CIAHY Memay
mpy6, wo bynu eucomosieri 3 owaononrezosanoi cmani A333 Gr6.3a uac mpusanoi excniayamayii moicna
OUIKY8AMU 3HAYHUX 3MIH MEXAHIYHUX XAPAKMEPUCMUK, HABOOHIOBAHHA GHACAIOOK 63AEMOOIL 3 amiakom i
BIONOGIOHUX CMPYKMYPHUX nepemeopens memarny mpy6. Bemanoeneno, wo 3a uyac excnayamayii eiodynacs
3HauHa Oezpadayis MeXamiyHux Xapaxmepucmux memany. Yoapna 6 sA3Kicmb € OOHIEI 3 pe2lamenmo8aHux
MEXAHIYHUX XAPAKMePUCMuUK 015 mpyoHux cmanet, wo i 3ymosuno it eubip ona aumanizy. /locnioxceno yoaphy
6'azxicmb S mpy6 3a HOpMANLHOI 11 HU3bKOI memnepamypu. Busnaueno maxossc ymsgicKy mMemany Ha 3pasKkax,
wo niodasanuce yoapy. Kpim ochosHozo memany, 00caioxicysanacs 30Ha MepmivHo20 enaugy. JJoeedeno, ujo
YMANCKA, AK | yOoapHa 8 A3KiCMb, 3amUacmvCsa 6eIUYUHOI0, YYMAUG0I0 00 Oe2padayii Memany npomsacom
mpuganoi excnayamayii. Posensnymo cmpykmyphi sminu memany mpyo amiaxonpoeody. Mikpocmpykmypa
cmani mpy6 epumo-nepaimna 3 xapakmeproio cmpoxamicmio, 6an 3epua Ne 6...8. Kinvxkicme nepaimmnol
ck1a0oeoi y cmpykmypi cmani cknaoana 27—34%i mana osnaxu po3kiady nepaimy Ha ckiadosi. Buympiwins i
306HIUHA NOGEPXHI MpPYO NiOAsAealU HEe3HAYHIU 6UpA3Kosill Koposii. Bio3naueno mpiwunu Kopo3itino2o
PO3MPICKYBaHHS, SKI 3APOOUTUC 8 NIONOBEPXHEBUX WAPaAX Mma PYUHYSAHHs 6 00’ emi CMIHKU MpyOou 830089iC
CYNb@IOHUX BKNIOYEHb V' HANPAMKY HpOKAmy, WO € O3HAKOIO Npoasy 600He8020 uYunHuka. Ilodanvuti
oociddicenHs ye niomeepounu. s ecix mpy6 eiomivaemuvcs gucoxuti émicm 600Hio (nepesepuye nopmy 6 2—30
Pasis), 4imko2o po3nooiny 600HI0 3a MOGWUHOIO MpY6U He cnocmepieaemvcs. B npakxmuunomy niawni npogedena
poboma 003601uNa 3pOOUMU BUCHOBOK U000 HEOOXIOHOCMI GIOOPAKYBAHHS OesKUX OO0CHIONCEeHUX mpyo i
MOHCTIUBO20 MEPMIHY NOOALLUOT eKCHIYamayii IHULUX.

Kniouosi cnosa: amiakonposio, yoapha 6’ a3Kicms, YymanicKd, HA80OHIO8ANHS, CMPYKMYPA Memaiy,
Kopo3is.

O. Arkhypov

METAL PIPE DEGRADATION DURING A LONG PERIOD
AMMONIA TRANSPORTATION

Summary. Chemical industry is fed by ammonia pipeline Taily@dessa. It is situated on the territory
of Ukraine. The ammonia is a determined part of ineral fertilizer production. The term of operati the
ammonia pipeline is then 30 years. The importarfcinie exceptional, installation, ecological conseqce in
case of running out the ammonia in the environnaexlt periodic breakdowns that were in the diffeneatt, all
this causes the necessity of thorough analysisetédliit pipes. They were produced from low-gradesA333
Gr6. The time of the long operation on can expextdrtant changes of mechanical characteristicsyrsdton
of hydrogen due to the interaction the ammonia eoiglesponding structure changes of metallic pipesvas
stated during the time operation the degradationnoéchanic characteristics of metal for pipe-steek place.
Great viscosity is one of the metallic charactécistfor the pipe-steels. This caused a choice sfosity for
analysis. It was investigated thet the great viggosf 5 pipes at normal and low temperature. Tagtihg of
metal was determined at the samples which were ¢oathock. Besides essential a zone of thermalendle
was investigated. It was established that tightgnas a great viscosity remain a sensitive quantiy
degradation of metal by long operation. Structunaétal changes of ammonia-pipelines were considefed.
microstructure of steel ferrite-pearled pipes wilistinctive stitching, a mark of graid® 6...8. The quantity of
pearlite composition in steel structure consist2@34% and has properties of pearlite decompositiorthe
components. External and internal pipes surface&ssabjected to small pest corrosion. It is noteal ¢rack of
corrosion cracking that was born in undersurfacdldand destruction in the volume of the wall pgdeng
sulfuric  putting at the direction of rolling. Thiis a fithing of hydrogen factor manifestation.rther
investigations confirm this fact. It is noted higbntents of hydrogen for all pipes (over normaRd+30 times),

100



MEXAHIKA TA MATEPIAJIO3HABCTBO

crisp distribution of hydrogen by thickness of pipaot observerd. In practical plan this wok petted to do
conclusion that it is necessary to reject of sonvestigated pipes and possible term of further afi@n others.

Key words. ammonia pipeline, great viscosity, tightening oétah hydrogen saturation, metal
structure, corrosion.

IlocranoBka mnpoOJjeMu. YKpaiHCbKa [iIsHKa amiakornpoBoay Tomearti—Omeca
3HaXOAUTbcs B ekciutyaranii moHan 30 pokiB. BpaxoByioun BakiMBe 3HA4YEHHS Ili€l
MaricTpaii Il XiIMiYHOT TPOMHCIIOBOCTI YKpaiHu, MeTall TpyO aMiakompoBOy OyIo MmiIIaHo
peTenbHOMY JOCHTIKEHHIO. 3a Iel yac TpyOH aMiaKOIpOBOIY BiJIIPAIIOBAIH 32 CEpeIHBOL
po6ouoi Ttemmeparypu Big 0°C go +21,5C O6museko 262800 rogmH B ymoBax
TPAHCHOPTYBAHHS PIAKOrO amiaky 1 MiJAaaucs YHCICHHUM KOPO3IMHMM MOIIKOKEHHSM,
3a(hikcoBaHi BUIAAKK aBapiit. 3rigHo 3 jiTeparypHuMu AaHuMU [1-6] rOJIOBHUM YHMHHHUKOM
Jerpajamii crajgeid MaricTpajJbHHX TpPyOONpoBOAiB € iX nedopmarliiiiHe cTapiHHS, sKe
MIJBUIIYE MIIHICTDh 1 3HUXKYE TUIACTUYHICTh Ta yAAapHY B’ sA3KicTh. [IpoTe, SIKIO TpUBATICTh
ekcrutyaranii HabmmkaeTbesa npubiansHo 1o 20...30pokiB, y MeTan po3BUBAETHCA 00’ €MHA
pO3CisiHa MOIIKOKYBAHICTh, SIKa 3YMOBJIIOE€ HU3KY OCOOJMBOCTEH y MEXaHIUHIM MOBEIHIII
marepiany [7-9]. 3 Meroro oTpuMaHHA NOBHImWOI iH(popMalii, MeTanm TpPyO miAsATaB
JIOCJIIJDKEHHSM Ha PO3TAT 1 ynap, Oyma mpoBefeHa meTanorpadis, BAKOHAHO BUMIpPIOBaHHS
BMICTY BOAHIO. 711 BU3HAaYeHHS 1H(POPMAaTUBHOCTI i aIeKBaTHOCTI MIPH OL[IHIOBAHHI CTYIIEHS
nerpagaiii mMetaxy OyJio 3amporoOHOBAaHO JOCHITUTH YTSDKKY Tepepidy IpH yaapi, sKa
XapaKkTepu3ye MIaCTUYHY JAedopMaliito mpu yTBOpEeHHI 371aMmy. BoHa OIIHIOEThCS BETMUNHOIO
MaKCHUMabHOI Aedopmariii 3a JBoMa OOKOBHUMH IUIOIMIMHAMHM, IO TapajiesibHI HampsIMKY
MPUKIIAICHOTO HaBaHTAKEHHsS. YacTUHA pe3ysbTaTiB, OTPUMAHKX MPH MPOBEACHHI YIapHUX
JOCJTIJDKEHB 32 PI3HUX TeMIlepaTyp, MeTanorpadis 1 pe3yIbTaT BUMIPIOBaHb BMICTY BOJIHIO
HABOJATHCS B JJaHil poOOTI.

VnapHi HaBaHTaXeHHS MpoBOAWIM Ha MasTHUKOBOMYy kompi MK-30A B iHTepBaii
temneparyp Big +20°C no -60°C 3rimno 3 I'OCTom 9454-59 1 I'OCTom 9456-59.
JlocmiKeHHsT TPOBOAWIM Ha CTaHAapTHHX 3paskax 3 tumoM Haapisy KCV i KCU.
BukopucroByBanucs craHmaptHi 3pa3kd po3mipoM 55%10x10 mm. BenuuumHy yTSDKKH
BUMIPIOBAJIM IMITaHTeHIUPKYIeM 3 TouHIicTIO 0,05 MM. YTSKKy BUMIprOBalu IJisi METaly,
BUPIi3aHOTO 3 4 TpyO, sIKi Ml TaKi TeOMETPHYHI XapakTepucTuku: Tpyoa Ne3 — @273%10,31
MM, Ned — #323,8%17,4um; Tpyba Neb — @B317%17,4vm. s tpyou Ned mociimpKyBaau
3pa3Ky 1Ie 1 3 MOMEPEeUYHUM HAIPSIMKOM BOJIOKOH. KpiM Toro, 3 Tpyou NeS nomarkoBo Oynu
BUTOTOBJICHI 3pa3KH, [0 MICTHIM 3BapHUA MmoB. TpyOum Oyau BUTOTOBICHI 3
omanHoneroBanoi craiai A333 Gr6.Koxna Touka Ha moOynoBaHuX rpadikax BiAmoBiganza
CepEeTHhOMY 3HAUYCHHIO OTPUMAHOMY 3 IT ATH 3aMipiB 3a AaHOI TeMneparypu. XiMIYHUN CKIIaj
TpyO BIiAMOBiaB BUMOTaM [0 1ii€i cTaii. J[7s BU3HAUEHHS BMICTY BOJHIO B METalli TpyO, Ha
BHYTDIIIHIM TOBEpXHI, BCEpeIWHI TPYyOM 1 Ha 3O0BHINIHIA TOBEPXHI BHPI3yBAINUCH
WITIHAPUYHI 3pa3ku aiamerpoM 4mm i norxunoro 10 MM B kinbkocti 9 mT. (Mo 3 3paska Ha
KOKeH map Mmetany). KiHieBe 3HaYCHHS AUl KOXKHOTO Iapy 3HAXOIMJIM SIK CEPEeIHE TPhOX
3aMipiB. AHai3 Ha BMICT BOAHIO MPOBOAWIM npuiagom “‘Leco RH-407".

Pe3yabTaTu gociiakeHb Ta ix 00ropopeHHsi. MikpocTpykTypa craji Tpyo ¢epuro-
HepIIiTHA 3 XapakTepHO cTpokaricTio (puc. la), Homep 3epHa Ne 6...Ne 8 3rigno 3 [OCTom
56-88. KinbKicTh NEPIITHOI CKIIAI0OBOI B CTPYKTYp1 cTaii ckianana 27—34%i mana o3HakH
pO3KIIay mepiity Ha ckiazosi (puc.1,0).
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Pucynok 1. Mikpoctpykrypa Tpy6Hoi ctami ASTM A333 Grade 6a — x150;6 — x900

Figure 1. Microstructure of pipe steel

BHyTpilHs 1 30BHINIHS MMOBEpPXHI TPYO MiUIAranyd HE3Ha4YHid BHPa3KOBid KOpO3il
rmuounoro  0,08-0,2um.  3ycTpivanmucss TpilIMHU KOPO3IMHOrO pO3TPICKYyBaHHS, SKi
3apOIMIINCS B IIIIOBEpXHEBUX mapax (puc.2a) Ta pyilHYBaHHS B 00’ €Mi CTIHKH TpyOH
B3JIOBXK CYJIb(iIHUX BKIIOYEHb (prc.2,0), 10 € 03HAKOIO MPOSBY BOAHEBOTO YHHHUKA. 3 IIHM
Y3TOKYIOTBCS Pe3YJIbTaTH BUMIPIOBAaHHSI KOHIICHTPAI[IT BOJHIO B €KCILTyaTOBAHOMY METaJi.

‘. 7 <& ; ~ . ‘:.;Nf’
s ES -
- Sal ) Sv-a §

i)t : W%q’% SRR

a : 6
Pucynok 2. [Ipuknaau TpiliuH KOPO3iHHOTO po3TpicKyBaHH (a) i pyHHYBaHHS 110

Cynb(iTHUX BKIOUYCHHX (0)

Figure 2. Examples of corrosion cracking and destructiosudfuric putting

Crami Takoro kjacy B CTaHi IOCTaBKM MalOTh MaKCUMaJIbHHH BMICT BOJHIO B
inTepBam 3HaueHb 1-3 ¢cm3/100 r meramy. s BCix TpyO BiA3HAYAEThCS BHCOKHN BMICT
BOJHIO (mepeBepiinye HopMy B 2-30pa3iB), 4iTKOTO PO3IMOIIIY BOJHIO 33 TOBIIMHOK TPYOH HE
crioctepiraerses (tabdm.l1).

Taoauna 1
[TormapoBuii BMICT BOJHIO B TpyOax
Bumict Hyp, cm>/100r MeTamy
Howmep Mapxka crami i i
Tpy6H p Baytpinmms Cepenuna 30BHIITHS
MTOBEPXHS NEPETUHY MOBEPXHS
1 A333 Grade 6 8,63 7,85 5,85
2 A333 Grade 6 5,93 9,60 8,92
3 A333 Grade 6 6,95 27,71 3,60
4 A333 Grade 6 3,34 7,54 7,90
5 A333 Grade 6 17,51 87,75 10,10
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Amnai3 pe3ynbTaTiB BUNPOO HA yJapHY B SI3KICTh 1 BIAMOBIAHICTH iX BumMoram CHull
2.05.06-85y minmomy BKasye, 110 €KCIUTyaTOBAaHUN METal YCiX JOCTIKEHUX TpyO, KpiM Tpyou
Ne 3, mae 3amoBinbHi Xapaktepuctuku (puc. 3). Mertan ekcmyatoBanoi Tpyou Nel 3a
xapakrepuctrkoo KCU Mano Bigpi3HSAEThCS BiJl METaly B CTaHI MOCTaBKH, MeTall Tpyou Ne2
3a710BOJIbHSIE BUMOraM. BoaHouac meran Tpyou Ne 3 sk 3a mokasuukom KCV tak i 3a KCU
3HAYHO MOCTYMAETHCS METATY B CTaHI IOCTABKH 1 TpyOa MycuTh OyTH 3aMiHEHA.

KCU, Jix/cv’ KCU, KCV, Jac/er’
250 250
PITT) I—— 200f . ==
:"" ~ / :"-’ - R
¥ 150 I-’ K] —

7 100 V 100 p
/ -
/ /l .-".. ///

- g 0

,I. 50 I ._.-". ___.—“5’0
/ | % oC R t, °C
60 40 20 0 20  -60  —40 20 0 20
KCU KCV —=——- KCU =+=—-= (Cran nocrapgn) KCV srerevares (Cran nocrasku)
a 0

Pucynok 3. Bennunna ygaproi B's3xocTi Tpy6 Ne2 (a) Ta Ne3 (0)
Figure 3. Quantity of great pipe viscosity

VnapHa B's3kicTh TpyOun NeS5, mo MICTHTh 30HY TEPMIYHOTO BIUIUBY, Ma€ OUIBIILY
YYTJIMBICTh O 3MiHM TeMIIEpaTypd BUIIPOOYBaHb, PO IO CBigYaTh OUIBII 32 BETUYHUHOIO
KyTH TiepenaMy Ha rpadikax ymaapHoi B s3kocTi (puc. 4). OiHKA BOJOKHHCTOCTI Ha 3J1amax
3pa3KiB Micist BUMIPOO Ha yJapHY BA3KICTH MOKa3aiH, 1o temnepatypa -20°C xapakrepusye
JUIs BCiX TpyO mepexia Bif B'S3KOro pyWHYBaHHSA /0 KPUXKOTO, IO M 3yMOBWJIO Yy HHUX
HasBHICTH TOYOK Iepenamy (Touok Oidypkariiii) 3a 1€l TeMeparypu. 3pas3Ku, 10 MiCTHIN
30HY TEpPMIYHOTO BIUIUBY, B LIIJIOMY MPOSIBUIIA XapaKTEPUCTHKH, CX0XK1 3 OCHOBHUM METAJIOM.
BinmiHHOCTI MOXXHAa BIJ3HAUYUTH 3a HAWHWKYMX TEMIIEpaTyp, IO MOXKHA TOSICHUTH
OUTBPIIMMHU CTPYKTYPHUMH 3MiHaMH, SIKi BIAOYNHCS 3a 4ac eKCIuTyartarii 1 OLIbII KPUXKOKO
CTPYKPYPOIO i€l 30HHU.

KCU, KCV, Ix/cM’ KCU, KCV, Ilx/cn’
250
200,
: 1508 ——7
//I - "
! e
o0
/
k| o 50
| t, °C [ | t,°C
60 40 20 0 20 60 40 20 0 20
KCU KCV ===m=s KU ==sm:= (Cran nocrasku) K CV sessrenese (Cran nocrasin)
a 0

Pucynok 4. Bennuuna ynapHoi B's3kocti Tpy6u Neb mist 3pa3kiB 3i 3BapHUM IIBOM (a)
Ta OCHOBHOTO MeTany (0)

Figure 4. Quantity of great pipe viscosilye 5 for samples with welding joint
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VTsKKa, SIK XapaKTepUCTHKA IUIACTUYHOCTI pYHHYBaHHS 3a BUNPOO MeTany Ha yIoapHY
B’ SI3KiCTh, BUSIBUJIACH YYTIIMBOIO 10 3MiHH TeMiepaTypH (prc.D5, HaBeaeHo JumIe s Tpyou Ned).

VToxka, MM
3,0 KCU
2.5 KCV ——=—a
N KCU m=tmmem
/|20 S (3pasku nomepeyi)

KVN aE.

(3paskw momepeyni)
7/ 15
/,
.‘\h.._ t‘( 1,0

T

i

PucyHnok 5. Benmnunna ytsokku Tpyou Ne 4
Figure 5. Quantity of pipe tighteningfe 4

Jnst metany Tpyou Ne3, sikuif 3a3HaB CTIMKOT TEHJIGHIIIT 10 pO3MIITHEHHS 32 BECh 4ac
eKCIUTyaTallii, 1HTepBal 3Ha4eHb YTSHKKU ckiaaae 1,5 mwm, a mis iHmux tpyd — 6au3bko 2,5
MM. 3a3HauyuMO, IO 332 HAsBHOCTI BIJIOMOCTEH IMPO L0 XapaKTEPUCTUKY IS METay, [0 He
OyB B eKcIuTyarailii, Mo>kHa Oyii0 O MOBHIIIIE OI[IHIOBATH CTYIIHb HOTO Jerpajarlii.

BucHoBku. J{ocnipkeHHS Ha yJap MiATBEPAUIN BUCOKY UYTJIMBICTh XapaKTEPUCTUK
KCV i KCU no temmeparypu W micisi TpuBalioi ekcrutyaramii. BecTaHoBneHo, mo 3a yac
TPUBAJIOT eKCIUTyaTallil YTSXkKKa, SIK XapaKTepUCTHKA IJIACTUYHOCTI pYyHHYBaHHS 3a BUIIPOO
MeTajy Ha yapHy B’ A3KICTh, 3aJIMIIAETHCS YYTIUBOIO B IIMPOKOMY IHTEpBaIi TEMIIEpaTyp.

VYV npakTH4HOMY TUTaHi 3p00JIEHO BHCHOBKH IIOJIO BiIOpaKyBaHHS €KCILTyaTOBAaHHMX
TpyO 1 MOMIJIMBOCTI MPOJOBXKEHHA iX ekcruryaTamii. Tpyba Ne 3 Buuepnana cBiif pecypc i
nijgysarae 3aMidi. [HIn TpyOM MOXYTh €KCIUTyaTyBaTHCh 1 Jajii. AJle BpaxOBYIOUM 3HAYHE
HABOJHIOBAHHsS MeETajy 3a 4ac eKCIUTyaTallii, CTIiKi TeHJEHI] A0 3MIIHEHHS Ta 3HWKCHHS
OTIOPY KPUXKOMY PYHHYBaHHIO, TEPMIH IO YEPTrOBOTO OOCTEKEHHS TEXHIYHOTO CTaHy TPYO
opieHToBHO ckianae 1...1,5poky.

Conclusions. Investigations at the shock confirmed high sengjticharacteristics
KCU before the temperature and after long operatiois established that at time of a long
tightening operation as a property of plasticitystdection for metal at a great viscosity is
remained sensitive in a large temperature intefgde Ne 3 exhausted its resources and is
subjected the change. Another pipes can be opetiated It is considering great hydrogen
saturation of metal at the operated time, stabieercies to (strengthening) increasing and
decreasing resistance of destruction. The termipdsptechnical state observation is 1...1,5
year.
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