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Abstract: The heat shrinkable sleeves composed of radiation cross-linked polyethylene layer, hot-melt adhesives and
matching liquid epoxy primer is most widely used in the joint coating material in 3PE pipeline. During the joint coating
process of heat shrinkable sleeves, PE layer of the main pipe and the epoxy primer on both sides of the weld seam form
effective bonding with heat shrink sleeves through the action of hot-melt adhesives, and the structural stability of hot-melt
adhesives will have a major impact on the long-term effectiveness of heat shrinkable sleeves joint coating. For this purpose,
the impact of hygrothermal ageing on chemical structure stability of hot-melt adhesive is studied for 5 typical joint coating
heat shrinkable sleeves at home and abroad with infrared spectroscopy (FT-IR) and gel permeation chromatography (GPC)
method, etc. The results show that hygrothermal ageing cause significant structural changes in components of hot melt
adhesive, that is, there exists partial hydrolysis of ester groups and small molecules removal and there exists degradation/
cross-linking reaction in some components. (2 Tables, 3 Figures, 8 References)

Key words: 3PE, heat shrinkable sleeves for joint coating, hygrothermal ageing, hot-melt adhesives, chemical structure,

stability

H R ] K 2 BOBT s B R 3PE B BOR, 5 BN JR R MY R 1T 9%« Pk Bt 711 5 2 e G4 A
B IR BT R 240 1 BRI SAURSE IS 3R DR Al ity 55 95 T8 PE [RG3 R305%, 3X
FRERE TRV R A8 R S R 0 = 2 A M (G R e R B R TR A R ARG . BRI
AR [ A A OGPl il DU N R PR AL 5 R, R AR 1 T S i RS 4ty b 1 AR I A 2
LA AN A R RIS, 2R T R A A B BRI 27 S R RS R 1 5%

4% H AR AT 8] : 2013-1-21 16:53:00 ) £& B kg b ik - http://www.cnki.net/kems/detail/13.1093.TE.20130121.1653.001.html 181




LEHR

20134E 2 #1323 3 2 ) JHTUARE

WA 5, 4 BT 5O A S SRS 700 1 ek e, 2 v 2
AR AR A AN DT ik, SR 4D ARG (FT-IR)
J 535 40 (GPC) %5 43 1 - B, WF9Y 1 11 A 4b
5 B ELAT AR IR e 4 3t 7 T FH AR IR AL A
G5 K B TN A IR (] PR AR Ak, 3BT T Ak 2% 5 AR
A A s b 1T KA T R AR R R, Sl B
J4 SRR e SO B2 LR AR AR

1 WFFER R 5 )5k

e B g Ak 5 i L A AR SR M IR OB 4 i
("~5") AT KA PE RERF 97, 2o rp 17 B b T B0t T
L2 HARFE B IR T 2.

W5 4% I (R RE B BT 70 "C R K W AR R M,
PRAT I 2l . g AL 8] % 84 d, BERIRE 7 d,
FRERIRE R 3 ANPATHERAT il 2. OF Be ]
11254k K FH 2€ [ Thermo A &) 1Y Nicolet 6700 £I.4M
T ANORT 5 T FAS RORG 75 = b AT £ AN, 8 3 A
FT-IR % &, /3 307 dh B Re B 245 R . @%039 5
TR M, 1A 5 me BB B FIRE B T MR
o, N 10 mLL PUSURRI (THE), %5 )5 & T 40 °C
R 48 hJEEURE, R GPC D 2 95 8 1 i 503%
T R AR

2 Ao p

2.1 BREAIHIT L

15 T MORE 53 3 A S5 08 T TR 4 S
— R IR Ay TR IR AR A ROV A A T i, R AR
RIS TC R T B RE b B B R N A R R T
1 53 R ey BV 51K ) B U v, W FT-IR A% At
P % (NHR) 2 Ji i (MS) S84 88 53 M7 Jy k. ok
FT-TIR AR AT HE, 50 [ 2 A AR A LA 5
FTCALAL 53 3538 H , T A LA ) BE 7 1 e 2 g1
2 KT oy F A B, BRIMAE = 21 B4Rk 5 A
Ay A

2T A6 i PR I 2T AR X, 4 AR B AN
e RE R AR B GG . S ) — kb Tk
A, BZLLADGI, H ST )2, 4 RO L
5 FLRE G 22 (A . 1) 067 (4 B B 17 7 Ji 7 [V = A 5 ol
TE W93, X A4 2l ] LUR 49 21 91 & e . iR

182 www.yqcy.net

Py I A H A B RN 5 5 B Ak S R R AR
AN AR £ 18 FRAE AL S W) s E e AR AL
TR R B 45K ] AR A A

FEATH I 23 #152 Hi i A A B R 5k ok
M4 . 20 TR 5B AL T A 12 3)
o BR T RCFANE B BRIT LA, i A R )
PRy T ARG 5y 118 K AR g K IT
I, 7 B I REa, IX A A8 L IE Y f S A R I 20 4h
ekt . BT IRSIERGUE BT, B TP 3h
L Re R — 2 1 g i, RV 40 - 9k 1) fie 2 (] B
(R BE AT N B K a2k . DR, 4 FAESRBh L R P A
I DMk T 08 A0 B0 PR 5038, I 2L 86085 vt B 5
(IR0 o ph I, O FT-TR P AT DL I Sudes Jie 41
93 Ry 14 45 K AN TR) S 22 A AT S 1R 28 4k, o 24k
R > FHEI G AL T e P T,

R 17~5" K S 24k w5 24 ik B (8 D,
1740 em” ! AR SR EEIE C=O Bt (R A0 1R 45 % sl Wi
I, LA 2 900 e MV F 3 (15 HE W A0 (R P 7 224k
AR R AARAD A 25 L, 3l ARV S i 84k
AR BESE AL 0 (R 1o 45 RRW] 24k 84 d I,
Vi~a" B S ) C=O XUBEARDG 25 S BRI, 17 57 FF
C=0O XUBH AR 2 12 S I3 0, 1 3 B A A v A4
AR R AT R AR AR AR, B T S PR KA
53T W1 i B 55 B Y o

—— 0d 49d
—— 7d —— 63d

—21d—177d
——35d ——84d

4 000 3000 2000 1 000
WA /em ™!
(a) 1" BEf

AHRPRO

—— 0d 49d
— 7d ——63d
—21d —77d

a—35d—84d

Ny N

e

4000 3000 2000 1 000
WA/ em™!
(b) 2" Bt

AR




ARG W ARCE R B ROkt ) G R AR E R R SR

LEHR

Zhao Jishi, et al: Influence of hygrothermal ageing on structural stability of hot-melt adhesives

—— 0d ——49d
—7d —63d
—21d—177d
——35d — 84d

P8

4000 3000 2000 1000

PWH/em™!
(o) 3" FEAh

—— 0d —— 49d
— 7d —63d
—21d ——177d
——35d —— 84d

AR

4000 3000 2 000 1000

WHr/em™!

(4" B
—— 0d —49d
—— 7d —63d
—21d ——77d

——35d — 84d

AR

4000 3000 2000 1000
WH/em™!
(e) 5" FEf
B 1 WHKZLAEREFH FT-IR iEE

F1 IXRHRZURRENFIEERS
TR EIEHERZ LA

FE g 2 Sc=o /S wms Eﬁﬁi
0d 84 d g
1 0.166 8 0.146 2 —12
2" 0.267 7 0.223 4 —17
3" 0.257 2 0.236 6 —8
4* 0.320 4 0.210 6 —34
5* 0.202 3 0.213 1 5

22 WS FREMTL

EAC IR AT BEAFAE 7 5 B 1) W R AT TR S N
3oL % SR AT B 43 TR M, 905 T DALE —
FEPE_F AN 5p - HEST A (K50 o

A 17~5" B i 2 AT 5 7E THE W80 v 4L
Oy I AL B0 (B 20 34T, AT 2747 FE S B UL

T AR R WL B T D0, BE 2 AL fE )
RERE T 20 THEMIACHE, TR T MW T THE (1141405
3T TEE AT T N, 17,57 B R R AE W] B AR

UL ICEAL, 2" 4" BE o T RES R AR AL IR ]

(b) 24k 84 d J5
2 '~5 HRELRTEHRRIER
FRAE 17 ~5" B S Al 41 5 240 AT )5 19 GPC itk K
([ 3) A1 THF A % 20> 5038 20 1 & M, IS A0
Bl 2), 1"~5" FERh 2GS BBV T THF 45 1 50
Oy T RS RN RS, R R R P A
B3 (R 7K SRR o B R T 2

1
25.0 275

1 1 1
15.0 17.520.0 225

WG] /min
() 1" FEfh
M =32 808 s
_____ S —— od

——————

15.0 17.5 20.0 22.5 25.0

WRUETA] /min

(b) 2" ¥ 5
M2 T — o
T ———— 84d

15.0 17.5 20.0 22.5 25.0
WKL) /min
(o) 3" ke

www.yqcy.net 183




LEHR

201342 1 H32% B2 W SHLAHE

M, =64293 e

M =67 588
1 1 1

15.0 17.5 20.0 22.5 25.0
HRBEI 7] /min
(4" ¥4k

M, =94 269

M, =125 452

| | | |
15.0 17.5 20.0 225
W] /min
(e)5" Ffh
B3 sciMmENRIER GPCIEE

F2 TRHMEABIEFEAT THF HAHH
BHHFREMNTL

B4 1 ik

FERG S e
0d 81d ’
1¥ 46 085 40 551 12
2 70 377 32 808 53
3 63 817 29 404 54
4" 67 588 64 293 5
5° 125 452 94 269 25

GPC [P 4s KL W] AR e R, AT+
THF AP KR G0 FHER A T WAL, 73 14
ASERIBT RIS TR Ao o, 174757 FE AT
W T THFE %70 102410 (808 03 1 e A2 Ak de /s
23" FEh L5 B8 3 ¥ TR AR R . JLJR IR 1
A" 5" B b b RS2 5 43 T RE R AR B B R AT Al
iy 2" 3" K ity T ATV 43 4 LA AR N T

345t

(DFT-IR GG o M RG], S e b & Eeitus
JERE TS5 R AR A, T E 5 RS R 2L A A AN 23 1 oo™
VIR A SN o FEMRAE P R Y, 57 B i ¥ A8
BRI, A" R IR E PR

(2) B PESE IR, 2T S 1°.5" FE R 7E THF

184 www.yqcy.net

TR RS T AR, 27~ A" FE R R R AR 2

(3)GPC 7y #r &5 R AR W], {2 AL Jm, v % T
THEF (120 73 4775 W] Sk (¥ B A/ A0 TR S 8o PRA T 55
14" 5" FE R K 8038 40 7 R A R, 23" RE T
By oy 7 B A K. PR, 3l e A2 AL S50 m]
PR Bl i A I IR TR E T

SEH:
(1] FIBH. S 3SR Ao bl RAL TR AT ). iR S
N H, 2003 (4): 36-38.
HT AL, 08557 T, 57, A0, A AT FA JBRORS 7701 44 2 A
fELT]. Wi, 2010, 29 (9): 673-676.
B, A B A0 e AR AR TR [T ). ARt
THE, 1982(6): 34-41.
TRAS, BT L AR e 2D A GRS VR A S R T S
FILT. 723461, 2006, 33 (2): 56-57.
[5] %M. & BRI ¥ 204563 23 BT CRO LT ] A i e Tl
1978(3): 59-85.

(6] 23t WA B, 0 Ha 80, 25, 20 0 S i I 00 50 K e R B S
FE IR LR S ISR W (R AEL T, T 25 2 14k 2 2441, 2008,
29(8): 1 544-1 548,
BofeLly, v R SRS LT A R I T R A s
DL 3 HrAaEA, 1996 (2): 23-26.
WA, KR L AR, B2 A6 0% 53 W B R TE SR A5 i 5 o
IR I ] BUARA AR 2003 (42 5-8.

BCRR H 11:2012-02-02; 4 88 A1 4D

()

[2

[3

()

[

[4

[

[7

[

(8

PEZ BTy B %, TR, 1979 487, 2009 4818+ Bl Tk
A2 TR S EAR, B A BNl A By R S B R
I AR

FLif : 0316-2072514; Email: kizhaojs@petrochina.com.cn.

Zhao Jishi, Ph.D, engineer, born in 1979, graduated from Tsinghua
University, chemical engineering and technology, in 2009, engaged in
the research of corrosion materials and application technology of oil
and gas pipelines.

Tel: 0316-2072514, Email: kjzhaojs@petrochina.com.cn




