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8, =9.9 X10" (M, — 18000) '¢°a’ X exp(— 115000/RT) (D

Lu &5 08 2 -Com S R 2 Bl 5 ANy, N FLZE F5, %R M, 35 B2 31 10° g/mol~ 3 X
10'g/mol.3X10"g/mol~8 X 10"g/mol,8 X 10'g/mol~1.5X10°g/mol.1.5X10°g/mol~4.1X10°g/
mol. 4. 1X10°g/mol~4 X 10°g/mol. WFFE A [f] 43 F S KU 18 AL S0P iy Be Iy AT A& 8L, 2 90y 1Y
M, /NT 1.5X10°g/mol i, Hiif SCG BESIAR TS s MMy iy M, KT 1. 5X10° g/ mol B, bt A B ARG
Wit SCG HEfE. HHLAE BF9E T 8 PR LA MBI, Jorh 4 2 A0 6 2 B Al 9 34 3R 200k B 0 O 12 0 oh
0. 46 % (mol) 0. 50 % (moD) , ¥/ F 1 M, 519l°h 26. 9X10"g/mol 18. 9 X 10" g/mol, M & 3 24 S0 IR
B E 4399024 900h,300h, 4 # MG b 6 £ BEAGFE T SCG 14 fE L 5 AL , 1 B 43 7 &2 (4 38 I 5 A+ B i i
SCG REJT A4 ¥

T R A3 A 5 B B R SR AR P R AR ER IR 2B — A B AT SR B R 1 B L PEAR
PRI ECAZPIMALEN o HEER BB S S FEAERY . XERETYN S FREEHR
XU 3 A, 2253 WA B (PDD Al ik 30 DL A IR 73 o 38 0 AN A3 3 R A A TP B8 L 1T HL by 1 45
JE R o AN i B A A e B B BT PR R A K BE ) s m Ay TR TR o IR R B T &R
A7 43 F (Tie molecules) i X 2Z [ E % 45 4 A g LA 0 RO i R 8y i se 1, bR T &
By 0y 78 W52 L oy 1 8 o3 A s i 3R SR B ) SCG PERE

HTABEFEIN R A5 1 SCG R 501 R0 B 728 B AR A8 i HLA — 8 (9 TR 6™ BRI AR 20 B 5 5
T3 AR B R o LAV A8 BB AR B VR S 2% ¢ SCG PERERY 240, Hih PE4 F1 PES WS 5, BAT AR W] /Y
LR 1T AR B B gy 1 R BRSO 230021, 2, AR RE AR 3 0l Sl
52. 5MPa.45. 8MPa, 9% ., PE4 B A U 19 SCG PEAE. SCHIN A . PE4 i v 43 T4k 430 4 9, He &5 4>
FTERHASTEZ, it R FRILRE & AR T SCG YEREm 25 .

DesLauriers 2143 51 D), Cr/AlIPO, .Cr/SiO ML, R AR E N TAH & T M, KT 400kg/
mol 55 S 73 A B3 2] \PDL R T 50 19 208 73 A B AR AE il s BAR R 25 R LR 1. 3R &9 F UG L BLIE
#MBHEE AB.C B M, 4514 210kg/mol.217kg/mol. 238kg/mol.255kg/mol, 43 F & 546 43 5 N 10. 6,
12.6.,14.7,22. 8. Jil PENT % £ HARHT SCG i Jy . 2k AL W} 6] 43 51 4 150h, ~ 2. 000h, ~ 3. 000h,
~2,500h; Bi P ZIERE C.D ) M, 4359 481.579kg/mol, BATHI PENT 2 &5 it ] 43 51 =18 ,000h,
=>10,000h, AR, 5 LN Sh Ak 1 SR & 0 B0 06 R XL 45 b1 8% B 9 M BB AL LE . 2 1% PE BB it SCG fig
T T B R A AR A U0 W B o VRCTE Y 43 S AT R4 5 % S S AR A3 A B IR AR RT LR
Fr it SCG R 1. M BEHEE L& 20650 i MR 14y 7 = 8w A0 i TAR 58 19 70 7 &= 40 A, [l A A
A PGS TR .

®1 BZAEHMIENYIEEE
Table 1 Physical property values of polyethylene pipe resins’ '

Ve o6 XL i L) At XL A g Z W g Z WM g
A B C C D

B, g/cm’ 0. 944 0. 950 0. 949 0. 950 0. 950 0. 952

Pt , GPa 1.4 1.55 1.5 1.52 1.53 1. 63

J# Ml 71, MPa 23.2 25 25. 6 25.3 25. 2 25.9
M, . g/mol 210,000 217,000 238,000 255,000 481,000 579,000

M,/M, 10. 8 12.6 14.7 22.8 68. 6 83. 1

MI, g/10min 10.0 7.1 7.0 17.0 2.3 2.8
7, (Pas S) 1.01E+06 3. 00E+405 2. 45E405 5. 26E+05 3. 04E+08 8. 27E+07
pat0.1/s (Par S) 5. 68E+04 7. 80E+04 9. 28E+04 9. 21E+04 3. 38E+05 3.81E+05
7 at 100/s (Pas S) 1. 86E+03 2. 42E403 2. 71E+03 1. 87E+03 2. 46E+03 2. 77E+03
PENT*/h 150 ~2,000 ~3,000 ~2,500 >18,000 >>10,000

W ASTM F1472 I5E ,
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MHT AR EE R R R IR B X 4 74 M, AT 5 — il S, A M B80A T SCG RE T
7T 384 00 49 B A A R S B SR S AR o0 A B [ R AR T R R A TR SCG BE T .

2 HEEEERHE A SCG K &t v

ROIGEMMIG PR I ARG TR O RS 2 d ERIFHBR A L6 TR DX
HEM IR CM oy 1B X SU S B 5 i N e EBE B SR AT M RE B VIR G . M PE 63 & 3
PE 80, PE100, = B e 48 i 3% 20 44 55 B i 05 3 L il HC I SCG A i W 4Rt Garcia 557 R il HDPE
45 LLDPE LR i % — £ ¥ AW LLDPE & 8R4 i T LLDPE B A — & & B g9 R 65 S0 Mk, R & #
st AL A A ) R R A B S A IR R RN ER 2.l BEIR 2 B (3 (GPC) 5 FTIR B I 52 25 4 il 75
ARG 71 83 B P A S S A o0 A R SG B R aA B 1 AT B L B LLDPE 5% & i3 . 3k gk
TGN [F] — R A R B 2> TR A G0, S RS R, R S A 2 e g T EE B AT 1 T
BE o> T EGAF Y 18kg/mol A REA I B A 88 AL . R PENT JLT7 WA 45 2 A0 245 R WL I 2. 8k & o
AR A RE N BEE LLDPE & £ g3 0, 18 3 R SR IR i [ AR U] R 4 B RS R U, 1 3
R R H 2 e T bR IR TR SCG RET .

R2 RZHELEWHMEED
Table 2 Properties of polyethylene blends"'*’

FE it LLDPE g M, VoM MI T, L, 25 g

i wt% g/cm’ kg/mol o g/10min C nm MPa
HDPE 0 0.9704 51.4 5.5 41 138.0 75.7 1805
PE-25 25 0.9610 128. 8 12. 4 5.4 137.7 68. 8 1454
PE-35 35 0. 9563 166. 1 14. 2 2.1 137.4 63.1 1330
PE-45 45 0.9519 190. 5 15.2 0. 68 136.7 52.8 1201
PE-50 50 0.9501 203. 6 15.5 0.27 135.9 44.5 1170
PE-55 55 0.9479 218.8 15.4 0. 20 135.2 39.1 1087
PE-58 57.5 0.9461 226.7 15.7 0.15 135.1 38.5 1068
PE-60 60 0.9451 229.6 14.5 0.12 134. 4 34.4 1042
PE-63 62.5 0.9438 234.7 14.5 0. 10 134. 1 32.9 1020
PE-65 65 0.9431 241.1 14.9 0.07 133.9 32.0 976
PE-70 70 0. 9404 265.0 13.7 0. 05 133. 4 29.9 898
PE-75 75 0.9393 277.0 12. 6 0.03 132.9 28.0 855
LLDPE 100 0.9300 337.1 4.7 0. 00 129.3 19.4 554

O D BT R B, YA AR A S R 9 0.35% (mol) . 0. 46 % (mol) . 0. 60% (mol)
0. 86 % (mol) . 4 7 it 18 8 24 80 PR s 8] 43 31 150h,900h,1500h,=>4000h, 4% , B % $t oA & & 1Y 1
it SCG RE 1 W1 B3 . R [ A 0 BIF g I B oy B R 1-C 0 R 1T Y XU 43 i HDPE 45 44 Ff
st o o T 7 P I SR AR U, B AT S R, T R A R A FRE AT B ST A S Z 2T NN
MR R R B AR N, B Z B R AR R AT RE MRS K, AR R SCG RE T4 .

T HE b Ak AR Y 20 A 25 S B M R 5 L BRI S Ak 2 R B 4 BRI L 25 T Y R
7R L b I S A AR TR A TR T S T 0 B S L 4 T T A T U A AR L & R R R
W R MRS B 7 £ R 8 # BT T AL SR AN A X SCG MERERY BE L BB T A 1O
Wi LR S R 1.5 % (mol) , T34 43 F i Ml 4y F 5k 40 A A, B AT A 18 SR SO SR R 7 £ S R F
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Figure 1 SEC-FTIR curves of polyethylene blends™™
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Figure 2 PENT test results for the different polyethylene blends as a function of copolymer content™"]

3600h,8 % 24 1400h, 4R , 7 # (Wit SCG HEREEAL . 76 DSC bR FH 34 B 1 5 36 %6 WA B b 647 40 9
BRI DSC T i 42 b s — R0 IE w8 B 4 4 T 45 57 9 BE 0 A A v, Hovh 7 # B
st D il e S 45 s HL 100°C AR LT WA 31, JL R AE 285 b i 40 A B8 5, W S Ak s 2 1) A BE
B AT B JEE FEE 5 K I o o DR OB T 0 o R R g B ) K e &5 ESE T ALB B HDPE
FES L RES A A BT SCG HEfig, #2 I8 1SO/TR 9080 bR, 35 %] T MRS 10 9 4% 5] (££ 20°C |
10MPa (2848 B 3 T AT LA 50 45 (45 A B ) B B I PR B R 35 21 MRS 10 B9, 480 T il ik
VeI ANy F e 5 e o RIS RE i 14 95 4 S AT o A0 A 8 4 F R A AR S A B SNy A 3t
HR A X RE SR H R I RN &K,

— P R U, 8 B A i VAR — R PN B S AR AU R T DA SRR A TR S X T B
TR SCG AE SR . (2 S 4k o5 % FE 5k v 6 5 S50t W B AR A0, A J5E R A8 9, I i 4 &R A 40 1
HET By LT SCG RE HIBRARS . 53— . 76 SR8k b LI B IR A0 A5 ¥ 50 L S At 1) B 2 4 K Y PE
it SCG MHRPLRE J1 58 T 0 A3 A 5] A 8 2 S Ak R E 3 40 1Y PE #R & .

3 AWHTHREXNSCGH#WFH

25 fh AR TG 2 T8 AR JE B S5 A B 58 35 . MR B BT SCG B I stk . JE e B X — A 3 FPE
B orTF45E, 47 9 BT T4 (Cilia) &% 4 T 5525 (Loose loop) Fll & 43 F %% (Tie molecule) , Fif ¥
Foft o3 745 JC TR 106 R AH A8 R s BRI 76 1 Al B P 9 2 AR T O BB ZRFHL N ), AT R o T BE RE 6 AR HH N T
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Figure 3 Schematic of slow crack growth process
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G 25 SHLY 3K B 1 o0 5 AR b X R AR AR A R 22 D ST R AR R R v i G R ]
[ AR B 0 o R B 2 D AR B OC R L R T AR SCG PR S R o T B ROk IF R 4R
S NG — WA TR IA A R R L R, o] DUAR B 6 3R )92 19 Huang #1 Brown 7 BAH 5 R A7 40 T 10
R,

Garcia %A LTl SCG AE 145 A~ F27 40 I 00 0 45 4549 4 5% L [ 4 2R R[] LLDPE £ & i}
P25 Z5 R RS L 24 LLDPE & 4 R29 60 000, Ak S Rl 70 7 Z MDE BUEZE R M 48 458 . B LLDPE
i IEG I, R R Y R A R B N H R S TR B G I PENT B8 U8 i8] B R 58 A

Seguela Ny, RELRNE Y JRAEA T T UL A BLIE [l b SR8k AT . &R 4y 7 8ETE N I R R S0 IX.
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Huang Fl Brown 27 B HF 58 % 8L, 24500 T 00 SE BRSO AR 20 (B AE 23 3R T R0 I MG 1 by 28 0 22 18 2 &
PR IR R B . BIE RIS bR E P AR IR RN R E B &R AT o T S SRR ik
FAEwY G, W0 TS Z MR SCG PEREM LS .

LA BRI R I L S PE MR & A8 s A0 ) R Y T B R RN T B . Yt —
ASREIAERE R FIRE T R 3 TR UL BT RS2 1S N R A G, MR TR, R
A F T IORZ R SN, T PE A SCG B HRPTRE J1 38 5R . 30 PE 4 M AR 104> T = .
A DUSEE R 23 B MK A T RETE R i XOB JCE 2 B9 20 2 1, AT S AT L SCG iR TT AE

Janimak 25" B 5T 15 42 @ A AL 1 v 25 B R 248 (mMDPEs) H Y 2 4 23 1 14 K% H: 5 LA AE 22 1]
MR R B ZAT I3 T W BE 5 00 1o R b SR 4l ot B R ) 22 T A A 52 2 R LG R T A
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Figure 4 Qualitative interpretation of the crystal-tie molecules network concept. Parallel lines

. . . .1
represent crystalline lamella, remaining area is amorphous region™'”!

s B0 S0 B RN o SR R WS . 24 SCB E il 2 4 T A /1000C, £ 4 Y LK P 20 85 m
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4 K EEEX SCG MW &

Sun PSR R R H NMR W #ig HDPE 48 1506 PE100 45 44 78 80°C Y i K J 1 18 39 17] £
TE A5 Ak Bl A G A7 B T 79 184 o ot DX G % IX %) D52 B 241 38 m (L 81 5) s B A R SCG fig 7 1 XL i
PE100 B H fHEEFE 17nm~18nm. B i K T ¥1& HDPE M H fHJEE 12nm~13nm, R0 FH%E
AN T S b S 2 AR A R L TR G 2 % . NMR 45 B4R AL T 1T R A 5 o X 4% AR
TR A, I SRR A 1 T AR A5

2 08 4R 38 3 % 2 OB WU R 7 b B AR R IR B I R AT i 2 F B -IB K (SSA) 2 R A
PALDSCO MR L & B B SCG 1 TR Bt ) Bl F it J55 B A0 388 o g 28 4L X L e B8 B8 A8 B 7E 10nm ~
15nm 2247 5 19 Bl X063 2005 (10 465 i o S T BRe A o 8 B8 T AG ,  F 65 A) O 5 3 L B4 R O T /DL K B
P R T A, AR M SR AR K 5 b R 4G A R T S8 36 A L L Nezbedova %5 58 & B, 3R 20 1 it
SCG RE Ty Bl 5 7 i J5E 32 1 184 Jon i A8 262 35 P L 52 A6 B0 PE i8R B 58, {HLJ2 000 PE JE 1A B Bk 19 4 ¢
P RS BRI R B, PE BN SCG BE 1 B 2 A i 5 B 1 B AIK L &5 i B2 1 B AIK LA B AH B 43 T #
U FE PN R o TR 3 T T A T L S AR B D T R R B AT RGN T R 4 T B
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Figure 5 Variation in the domain sizes with the storage time ¢, for (a) PE100 and
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(b) HDPE. The marked area represents the transition region from stage I to stage I11"**
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s 55 R 5 L SR W ) IR W IF 5 45 R 18 R SRS R Y R A BLHE N 3 i RN R b VR R R R
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Figure 6 Failure time measured by PENT as function of the molecular weight and lamellar thickness""
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Figure 7 Schematic of influence of structural factors of PE pipe on SCG resistance
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Progress in Influence of Structural Factors on Slow Crack Growth of
Polyethylene Pipes

LIU Xiao-bo'" , ZHANG Le-kang®, Bl Xin-ping’s KANG Shu-feng', LI Jing-qing” ,
WANG You-jian’, TIAN Guan-nan', JIANG Shi-chun’
(1. Shenzhen Woer Heat-Shrinkable Material Co, Ltd, Shenzhen 518118, China ;
2. School of Materials Science and Engineering » Tianjin University, Tianjin 300072, China ;
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Abstract: Polyethylene pipe resins are widely used in gas or water transportation pipes, and slow crack growth (SCG)
performance is an important index for evaluating the quality of resins, and it is also an important basis for accurately
predicting the service lifetime of pipelines. This article summarizes the structural factors of polyethylene pipe resin,
including the influence of molecular weight and its distribution, comonomer content and its distribution, number of tie
molecules, and lamella thickness on the slow crack growth behavior. Generally, increasing the molecular weight and its
distribution, and the comonomer content are all effective to improve the slow crack growth resistance. The number of tie
molecules and the lamella thickness are affected by the molecular weight and its distribution, the comonomer content and its
distribution. By summarizing the recent research progress, it tries to provide some suggestion to industry in improving the
performance of slow crack growth resistance. It also looks forward to the future development trend of the research on the
influence of structural factors on the slow crack growth of polyethylene pipes.

Key words: Polyethylene pipe; Slow crack growth; Structural factor; Molecular weight and molecular weight

distribution; Tie molecule
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