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Failure of Plasma Modified Fiber Reinforced Oil Well Cement Under Dynamic Load
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Abstract: Effects of cellulose fiber (CF) and modified cellulose fiber on the mechanical properties, energy evolution, crack
propagation and interface failure of cement under dynamic load were investigated by splitting hopkinson pressure bar and high
speed-high resolution camera technology. In the third period, the accumulation of specific energy will directly affect the compressive
strength of the sample, and the sample with unmodified cellulose fiber (UCF) absorbs more energy and has better compressive
strength than the sample with modified cellulose fiber (MCF) at the same fiber incorporation amount. Low-temperature plasma
modification can introduce oxygen-containing groups on the surface of cellulose fiber, so that the interface between MCF and cement
matrix is more closely bound. The result of this failure is since the modified cellulose fiber-oil well cement composite (MCF-OWC)
has a lower compressive strength under dynamic load and a lower crushing degree after failure.

Keywords: dynamic load; cellulose fibers; low temperature plasma modification; oil well cement paste; failure

[ H AT T R AL AT, [OF SRS SRS, B MOE N R AR 2
Jo B PR 4 UK LR M SO SRR A T %2 4 o g AR B R RS ph i, eIkl AR
TRV 2 NRERR EL KGR SR R PR R o H S LR ). Ik e A 5 5 BUIE K R R
KR PRI ER . MEE A, BR2s AEAENMRa. BT s s,

WeAe H . 2020-06-13. BT H: 2020-07-09. Received date: 2020-06—13. Revised date: 2020-07—-09.
RETH: HxEAATHRI(2016YFB0303600). First author: CHENG Xiaowei(1977-), male, Ph.D., Professor.

BEE: BAME1977T—), B, W, #Bi%. E-mail: chengxw@swpu.edu.cn.



249 B S W

R S5 SR TR AT RN kit K Ve 1SS RO © 965 -

BRI RGO — Y R WIIOE R MRS, 3
MK BIR R AL, R RE R R, T mH
SUKERL, T E R U 22 42 A i A A A Rk
w0 NEGEKIR IR S IER MR, A
Ao fi) HL O T S G BIRRL X 7K A AT 1 ) B
Wt (B T A ML 4R AR D, SR
IKMEZ, HKJERARLEE, S5 MERE, &
SO YEX K P AT I IROR - T2 A EN TR R
PRI TR AP e B 5 8 714
RIMAC BT YRS T BOW P 4R AT MR Ak 2, 3R
e KRR R A I, DL KA sk Re .
R 5 2 T AR U RO — P BRI B BOR
SRR T R AL B — e 7> P OT TEAT . — 5T, 4
SR TR MR R T AT AL BRI, (AR A
2 &S H], SRR I AR K R, R 3IA
BHE A E RS SR HR, 500w, M5%8 T
XA RLR TREAT phai iy, APRER T 2 ) vh, 1
BT PR RS G N, (AR A 1 5 0 6 %
PEREAFEIRA, H TR OE I 2R 4 st K Ve
AR H BV R TT, (HIXSE R AL 2
B FAERABRA MR TR0, F b, KR
WAES R R BT, H 2 3h B et
ERIEIE R N IR SR ONE =y S K ity
BRI Y, B E Y SR d AT E
Xt o A MR Bt o AT e AR R ) B PR AN BT
SR LSS S A SR NS, X Eh AT R B9 T K
ANB AT N 5 B 5 R PR £ 2 08 o K Je A
(R 7 i A b 220

R F B 4 AR il PP AT ph ik 50272,
T T WS TINAE TR R £ 4 3R R K B A 4
BHE B A BT T 1 2 Pk B BRI . U
T ARAE BT Y R T 4 ) K Ve A R AR ) AL,
HE T IR YEXS K B A MRHES BT 11k
A RERIRACIIRE . ROATAE . R R AN
U2 Al

1.1 #Hl

Frk FHKJe v G 2% Bt i B2 38 o I /K e
(SHR), T F KRR AR AR, HIE
B WA 1 BRI N A A FRA A
AR G338 BN 9 T AR A R DR B A TR
A H] ) Landy 906L; #F4E/2H Regal A R A H2 L

(A2 2= A4, SP3KEEA 2~3 mm, BA% 15~20 pm,
FLpi o 4 500~1 000 MPa, 18 FH §i 75 SE 78 K i
AT B T BR R el 36 B W e s b L 35 il i
AFGMYAEF=, HLEER, &k, e s
Tt 2 EHORSCHR BR 3 v v R 4 IR A BR A AR
PR, KA, BN 234 glem®, RIETK, HERR
BN 0.62 glem®, 325 AR RN 051, %
IHE T N G Gl /K V8 HEE R+ TR+ B O K+
IR+ gE R T dE+K, KELE A 044, BYF

SENE 2.

=1 G EhHKRILERD

Table 1 Chemical composition of G grade oil well cement

wi%

CaO Si02 F8203 A1203 MgO Nazo K2O SOg Loss

63.74 2248 4.01 341 1.47 0.9 1.55 1.40 1.04

w is mass fraction.

F*2 ZHEA

Table 2 Experimental formula w/%

Experiment G-class oil well Floating I\I/I}cro G33S 906L. UCF MCF
No. cement beads silicon

1 100 25 15 5 1.5

2 100 25 15 5 1.5 02

3 100 25 15 5 1.5 03

4 100 25 15 5 1.5 04

5 100 25 15 5 1.5 05

6 100 25 15 5 1.5 0.2
7 100 25 15 5 1.5 0.3
8 100 25 15 5 1.5 0.4
9 100 25 15 5 1.5 0.5

G338 is fluid loss additive, 906L is dispersant, UCF is unmodified cellulose
fiber; MCF is Modified cellulose fiber.
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Fig. 1  Compressive strength of samples with different
contents of UCF and MCF under dynamic load
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Fig. 2 Fracture specific energy diagram of samples with different dosage of cellulose fiber under dynamic load
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Fig. 3 Crack propagation of cement sample with 0.3% UCF
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Fig.4 Crack propagation of cement sample with 0.3% MCF
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Fig. 5 XPS binding energy spectra of cellulose fiber sample
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