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Research and Development of New Adhesive Used for Outside

Anti-corrosion of Steel Pipes

Zhang Pengchuan (Materials Engineering)
Directed by Prof. Zhang Jun Associate Prof. Yan Youguo

Abstract

Steel pipes were main the transporting establishment of oil and natural gas in china, most
of them was buried underground. The steel pipes and its anti-corrosion coating would be
corroded by the corrosive media in the environmental condition. The damage originated of
corrosion would result in serious environmental pollution and waste of energy. So, quick
repair of defective pipes and damaged anti-corrosion coating was important to ensure safe of
pipeline. Among various repairing methods, composite material was a best one to achieve
quick repair. In this method, new type of adhesive was demanded, which possessed excellent
bonding and corrosion resistance properties. In addition, quick solidify was another demand
to achieve quick repair. Herein, the target of this thesis was to develop this kind of adhesive,
the main researches was as follow.

Firstly, epoxy resin (E-51) was selected as modified material, which would be modified
via toughening and solidify.

Secondly, the rules of solidify time changing with adding quantity of curing agent (T-31)
and polyurethane in the epoxy resin was researched. The results indicated that the quantity of
polyurethane had little effect on the solidify properties, and the solidify time would shortened
with the increase of curing agent. Finally, 20~25phr was determined as the best adding
quantity, which ensure the adhesive could solidify in two hour.

Thirdly, the toughness was studied, and Shear strength and peel strength of adhesive with
different adding quantity of T31 as curing agent and polyurethane as flexibilizer was tested.
The results indicated that the toughness largely decreased with the increase of solidify agent.
However, with increase of polyurethane, the shear strength would firstly increase and then
decrease, and peel strength would firstly decrease and then increase. Comparing above results,

the best adding quantity of polyurethane was selected as 20 phr.



Fourthly, the toughness was compared with polyurethane using carboxyl-terminated
acrylonitrile-butadiene rubber (CBTN) as flexibilizer, the research results indicated that the
modification effect was poorer than that of polyurethane.

Finally, the toughness was further studied using SiO, nanoparticle as flexibilizer. The
results indicated that the toughness was improved.

Key words: Adhesive, Epoxy, Polyurethane, T-31, Modification
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Table3-2 The list of experimental instruments for making epoxy adhesive
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Fig3-1 The experimental set up for making epoxy adhesive
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Table3-3 The curing time of epoxy adhesive
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Fig3-5 The curves of curing time
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Figd-1 The standard sample for measuring shear strength

AR HIVEEIR RGBSR IR N ARE T4, ANnTAZAEas il el BRI

BRI, WA AREAT BRI, 10 LGN A% H A (ERBARFERT, B9 ok Bz H

AT T LRREB AR B, SRS T, SR 1 = S 4% e A U TR PR S P e Rl R 2 AT

B R b, KA AR A, SRS AR RO AN R e i, DRAUETRE RERS IE A

M FEHRURS I 2 07 s o B SR L PR R S — BT ), AR Ak . ] 4-2
7 A IR L 1 B B B 8 DA

25



IR SRR R R RC LAt

B 4-2 HBIYIRREERAE

Fig4-2 The sample for measuring shear strength
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Fig4-3 The measuring curves of shear strength
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Figd-4 The sample for measuring tensile strength
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Figd-5 Schematic diagram for 180° tensile of the adhesive
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Fig4-6 The measuring curves of tensile strength
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Table4-1 Effects of hardener on mechanical property of epoxy adhesive

T-31/phr [ Ak 5 1) /min 258 E N/em PUETYI SRS N/mm?
20 140 63.200 3.108
25 118 57.400 1.148
30 110 50.024 1.094
35 90 36.283 0.937

HI3% 4-1 i SE At vl LA A0 R 518
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Table4-2 Effects of PU on shear strength and tensile strength of the epoxy adhesive

R Z g phr [i] £k, 551 /phr PLETYISREE (N/mm?) | SIS (N/em)
10 20 1.54 52
10 25 1.27 30
15 20 3.14 34
15 25 3.00 18
20 20 2.02 60
20 25 141 50
25 20 1.15 88
25 25 1.27 57
30 20 157 40
30 25 1.13 31

AR 2 T A RV R S U5 0 SR A IR R ] A7) (78 -0t S B g et sl (M0 B B )
SRS B s B (R e AR 4. W&l 4-7 (as by e d) JIR.

35 100
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= 20} =
!;,;j % 40+
= 15| z
S 201}

1.0}

L L L L L 0 L L L L L
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PU (phr) PU (phr)
(a) (b)
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(b) HEBEESRAFEAIRML; (c) 20phr T-31 R BE 5B UIRE X E #HiLk;
(d) 25phr T-31 FI B RE 5HUBI VIR A X th 4%
Figd-7 The curves of epoxy adhesive modified by PU: (a) The curves of shear strength;
(b) The curves of tensile strength; (¢) 20phr T-31 shear strength and tensile strength;
(d) 25phr T-31 shear strength and tensile strength
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4.3 CTBN M INE R AE AR FAFI B G F) ol 14
431 AR

(1) JH FA2004N HL 7R F-Fr i 100g PR IR E-51 B PY LB

(2) $ IR T Z AT R4 R & CTBN. 0.2g i1 7 KH-550 F1 0.2g
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(3) Fi ] 3-1 425 & U ST I e A 7 ) S 0
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DREE LR GE At D125, A 2 %l
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4.3.2 EL37% CTBN e IR & RS R AT B9 R0

£ 100g AR, IIAARFEES INE K CTBN #5775 T-31 [mIALF], I ek e
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Il 4k 51 T-31 351 ] 3phr A1 Sphr (7 e, AT S2I0 M0, SR 45 R Ak 4-3 for.
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Table4-3 The curing time of epoxy adhesive modified by CTBN

CTBN/phr 10 15 20 25
[ £k 71/ ph
3 95 100 115 130
5 80 95 110 120

WRPER 4-3 1B AL AN TR R AZAC U e, ] 4-8 B
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K 4-8 [E4LHTR1ZEAL AR 2R

Figd-8 The curves of curing time

Kl 4-8 F ik P 5% i e 3 n 2o T-31 [ 4k 15 in &k 3phr A1 Sphr 15, ISR IR &b
FIFE LI R B CTBN AR AR ik, WE P aTLUE . P& thZmbisg CTBN i
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[ 40 7 Ik Sphr I ZeAE T-31 [ 4717 &4 3phr 117~ J7, R ARG T-31 0]
LA P86 700 1) [ A TR 45, T-31 22, ] Ao FF i) i o Pl Pl 3 4000 T LA HE, 24 CTBN
1) I N {0 o T I T KA AN RPN
4.3.3 CTBN U4 IR E B AR AR RA T BY 11 S 14 BE

WFEI BRI A5, PR R oL b, WU alRE T B D7) 5 e R 38 2 5

CTBN o2 S 5 11 8 771 T BY D7) 9 S AN 58] 10 o 58 el U 4-4 Bl

& 4-4 CTBN B EM AR AR B
Table4-4 The experimental data of epoxy adhesive modified by CTBN

CTBN/phr T-31/phr PUBTPISRE (N/mm?) | 588 (N/em)
10 3 2.88 26.4
10 5 2.25 19.6
15 3 3.17 31.8
15 5 2.96 25.1
20 3 3.01 36.0
20 5 2.33 27.6
25 3 2.54 315
25 5 2.16 22.8
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Fig4-9 The curves of epoxy adhesive modified by CTBN
(a) The curves of shear strength; (b) The curves of tensile strength
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B 1 /N
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(4) KR AL IRE S AE 100°C R InFABERE 1 /NI, SR b N RE: KA A
AEBINSERE T, FOREEIBCRE AR L2, IR R =il

(5) 3% ELBIAERE S b I E AR 7] T-31, Iml fERE51 £ 1%, 1ml R, HidE 3 4040,
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B NGRS AR L7 1) 2 T ek B 22U i B 0 790 (R0 i i sk ok, IR
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Table4-5 The experimental data of epoxy adhesive modified by PU and nano SiO;

20 20 5 4,56 61.3
20 20 0 2.02 60.0
20 25 5 4.03 50.0
20 25 0 1.41 34.4
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Figd-10 The steel pipe surface Fig4-11 The steel pipe surface
before rust removal after rust removal
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Fig4-12 Brushing adhesive and winding glass cloth
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Fig4-13 Composite material coating
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Figd-14 Measuring tensile strength of composite material coating
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Table4-6 The tensile strength of composite material coating
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