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Fig.1 Cold bending sample of pure titanium tube
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Fig.2 Hot bending sample of @324 mmx7 mm pure titanium

tube

A RL 20 LA RAF AR et R, R A SR
Bl oh o HETER A S RHE B T2 0L TIG 15 T 2 i
H, ATCAIE N2 1) T

[ 22 SRS BT R A SR BT R T R4
WU, R R L SRR TSGR
Bl SRR Sk M RE VPN A2 S5 K A . e
Fz Sk BE 7 TR0 T AN ) DI ) 41 20 P e AR AR A
PREEHE S R 57 PERE . WIS TIPE L BUAY. g 65 el i LA
K AE T AR IRA% P R R e 4 o 703X BE A 5 1Y) LAl
E TG SRR IR AR HE(CB1216), X ARE T
SR R T AV T T A A
Ko WUEBEE T4 RE . — O IR B 4 1R I Bk 2
WEAMET 5 °Cy AR AL 80%. XA KT
1.5 m/sy ERA. MZUUKEN . HiE6. M, #E
Fi b2 DA PR, S A I g ¥ ¥ 32k FH 78 40 %
CIE Z(p
2.3 BIREFIP AR

ERG M R A T b, EHEESR B L
PR . B, RS KRB AR
KA 22, FEWE KRS n] fE 5| R ARER B & R A
E IS it o AR A BV /K A B 1) N P 0 AR e ) S )
2w AT B G Y K B R G I S Ak, L g
5l B R A P 3 Rt

At e P A IS ol 1) T B O R SR N 408 5% 9 3 B
L S . H AR ER A 4 1 R 4 2B P o BRI
w3 RO () TG R IR 4R
) HL 4 2%, 1) B BE A 5 B A B B s (2) O ek
Gt K AR T, B B R R 4 R B Sk A HEAT B s
AbFR, AE S B A SRS AR E W R (3) XA E A
PEREAT AL AL HE

Har, [k 3 FhF B s K i R h 13
TR, FEAREAS R A AL SR A F 4G

Seawater

Anodic reaction . .
) Cathodic reaction
Me—Me™ +2e ’ \ 044+2H,0+4e—40H"

Anode region

Low potential metal A High potential metal B

3 R U

Fig.3 Schematic diagram of galvanic corrosion!"”

T, HRT B RGN 2 AIBAT .

LT T R R TR 5 T A B AT AR
SHGEP IR T REMWR TAE, I gk
o AR R IS et i R DK T a2 WA |
TRPETFEMIR S .

24 MBEYSREAHR

NS KSR R B TS T Re IR 22 . KA
S KE BTG RfEF M R R (1) B
FHM AR A HL A Ae b 23 B9 0 A8 i PE R R 83 805
PRI, SR (2) B EDG IS EUE
NN (EREATEIE, BRRE, 3
FEs NG EVEY Vs, FEIERTT, A P A
B R R o 18 P 2 5 B R A 4 B AN () Sk 1
AW U U IEAT T 6 LRI 9, AN RS B A B e
Wle BT, ENWIFRB TEBGHEA, Rikg Rk
AT DA R DR A it L A % )

WED BT T AR E L, 2 AR LA A,
Y AT B R . L RTHT
3 M VG VAR FIALED . At s DL RCH DL AR T
Blo WR 1HhaTLLEH, 2B 5 ikl i e B
BRI 22 ) R AR ML B A L, 2 H AT R AR SR R
7‘5‘?2[18-20]0

A 2 B 35 735 T R H R B Y e R H T AN i
KEBN R EEZNP G TFB . FEARE. Bl
KPR AR - R H R - R R 3 BB . HOAET,
LT HIOIFRT 2R G ek E, HhE
AV R R R AR E TR — 2,
EZSVIE/IN ()-8 Y LIPUK =S N e 3 DU <3| S g
M5 .

P4, 1 HE Mexel 2 F) 477 1) Mexel 432 #1l
FUP= i BAT B i A AR A K VEH . Mexel 10
HIFEH Cy Hye Oy N 4 B s 28 41 pl i K4 e 3 4 44
PEFLIRE, INNBAEEAREE 5, 78w &R LR



53 3] N e T A I S e VAL Es N

*1103 -

F1 BIEAERE

Table 1 Comparison of antifouling methods

[18-20]

Protection methods Physical antifouling

Chemical antifouling Biological antifouling

Physical removal or reduction or
Outline
physical means

Specific chemicals to kill

prevention of biological attachment by organisms and interfere with metamorphosis, interference, etc. to

Some mechanisms restrain adhesion,

attachment strength achieve anti-fouling

Advantages and

i n
disadvantages the surface

Simple operation, time-consuming and  Good killing effect, partial
laborious, unable to prevent and damage

Non-toxic, low toxicity,
biodegradable, environmentally
friendly, laboratory research stage

toxicity and mature
technology

Mechanical clearance;
Decontamination by water jet flow;
Antifouling of peelable coatings;
Low surface energy coatings;
Ultrasonic ;

Ultraviolet rays

Technical methods

Chemical antifouling coatings
Antifouling of electrolytic

Direct accession;
Antifouling rubber;

Biological antifouling agent;

Biomimetic coatings
seawater ;

Antifouling of electrolytic

heavy metals

0.03 um 70 FRRY B, ILBIBE D, A
AEAT RIS HE K B R R, H R AR
B P R 1 R

FUAT, 3 A AR A B AR & e N LD Y
4 FEL AR I3 75 BRI UE LD, 0 AT BE A AE [ AR SIS i
Il i T 2R G ) 50 A AN B v T 9 AR .

3 HFRERE

AR R ER 7 < A A RIRRE A 5 A8 408 10 AR
o AR R

2) M AR R AR A RLE A I S8 %, BN
WITRE T RN I T AR

3) WK AR AT T2 By B
A0 45 58 N 7 T AT R RN T RERIE T AT, LA
YL ST

SE K

[1] Xin Shibao({Fth£%). Equipment Environmental Engineering
R 45 PR B TRE)[J], 2018, 15(1): 98

[2] Ge Liang, Wang Zhen, Cao Hongbo et al. Ship & Ocean
Engineering[J], 2018, 47 (6): 77

[3] Chen Liping(M:Fi#), Lou Guantao(%:T1¥#). Ship Science
and Technology(ML MR A)[1], 2005, 27(5): 13

[4] Zhou Jiayu(J# £ 5%), Ha Jun("s %). Development and
Application of Material (M ¥ JF & 5 N F)[J], 2006, 21(3): 40

[5] Li Xianjun(Z=iik %), Wang Gao(E %), Ma Zhongxian( 4 &
'B%). Word Nonferrous Metal(1: 515 .4 J&)[J], 2013(8): 24

[6] Zhou Jiayu(JH £ F%), Ha Jun("s % ). Development and
Application of Materials(F4 ¥ I 5 5 % H1)[J], 2006, 4(3): 77

[7]1 Ning Xinglong(7*2¢J¥). Titanium Industry Progress(Ek Tk

References

HEJE)[I], 2003, 20(6): 28

[8] Qian Jiang(#% {T.), Zhao Man(# ). Ship Science and
Technology(WLIE BL#17 A)[J], 2018, 40(8): 153

[9] Qian Jiang(4% VI), Wang Yi(E 18), Li Yao(Z FE%). Ship
Science and Technology(FLAEE}F 2= H AR)[J], 20016, 38(6): 1

[10] Li Lisheng(Z2# Jk), Xu Wenshan(#% (), Chen Wanhong
(%5 %) et al. Ship and Boat(fs f1)[I], 2016(3): 27

[11] Tian Fei(H 3F), Yang Xionghui(# i #%). Chinese Journal of
Ship Research(*1[E AT F)[T], 2009, 4(3): 78

[12] Song Feifei(5R %K), Yang He(}s &), Yang Yingli(# S i)
et al. Titanium Industry Progress({k TV E)[J], 2014, 31
6): 7

[13] Tang Yuanbin(J# JGxk). Marine Technology(iti ffiH: K)[J],
2016(2): 57

[14] Gao Fuyang(#iffi£), Liao Zhiqian(E & ). Aeronautical
Manufacturing Technology(i 7= Hli& FA) (], 2012, 23(24): 86

[15] Wang Ting(YE 77). Ships Science and Technology(Wi R Rl 2F
HA)[I], 2011, 30(6): 13

[16] Zhou Yan(J& ¥¥), Kong Liang(fL i), Wang Min(E 1) er
al. Electric Welding Machine(FL¥EHL)[J], 2018, 48(7): 47

[17] He Lei(fi] #%). Development and Application of Material(}
BT & 5 3 )], 2006, 21(3): 40

[18] Zhang Dun(3k J&),Wang Yi(FE %%), Wang Peng(¥ M) er
al. Equipment Environmental Engineering( %% % & 5% T
FH[I1, 2016, 13(4): 22

[19] Zhang Wenyu(5K 3C#i). Total Corrosion Control(4: TH J& Pl ¥
H[I1, 2016, 30(7): 20

[20] Li Zhengxian(ZE4+1), Wang Haonan( £ #54#), Zhao Wen(¥X
). Titanium Industry Progress(ik Tk J#)[J], 2015, 32(6): 1



<1104 - WA S EMES T %49 35

Research on Application Technology of Titanium Alloy in Marine Pipeline

Song Dejun, Niu Long, Yang Shengli
(Luoyang Ship Materials Research Institute, Luoyang 471023, China)

Abstract: Titanium alloys have become the hot spot of material selection for future warships because of their high specific strength and
excellent seawater corrosion resistanoce. In order to promote the application and popularization of titanium alloys in marine pipelines, this
paper mainly summarizes the research work on material selection, welding technology, pipe bending technology, corrosion protection and
marine biofouling prevention of titanium alloys.

Key words: titanium alloy; welding; bending; corrosion protection; marine biofouling
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