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Design of low density cementing slurry based on close packing theory
ZHENG Shaojun'®, WANG Kailun', LIU Siyu', LIU Tianle™?*, JIANG Guosheng'®, BAI Shiqing"”
(1.Faculty of Engineering, China University of Geosciences, Wuhan Hubei 430074, China;

2.Unconventional Cementing & Special Reinforcement Laboratory, China University of Geosciences,
Wuhan Hubei 430074, China)
Abstract: Reasonable particle size distribution is the key to improve the internal compactness, early mechanical strength
and interfacial bonding ability of cementing cement sheath. Based on this, Dinger-Funk equation (hereinafter referred
to as “DFE”) is selected to design cementing slurry system from several typical close packing theory of continuous
particle gradation. Through a large number of experiments, the optimal range of n value suitable for the design of
cement slurry for oil and gas wells is determined for the first time: 0.33~0.40. Combined with the measured results of
laser particle size analyzer, nano CaCO; (hereinafter referred to as “NC”), grade G oil well cement and floating beads
are successively used in the three particle size ranges of <<3.38pm, 3.38~70.70pm and =70.70pum, and mixed
according to the volume distribution curve of DFE (2=0.33~0.40). On this basis, a low-cost, low-temperature and

early strength ternary solid-phase graded cement slurry with a density of 1.50g/cm® was proposed, and its performance

is compared with that of the floating bead binary cement slurry and NC binary cement slurry. The results show that: the
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compressive strength, flexural strength and interfacial bonding strength of the ternary system are increased by 7% ~
21.1%,13.4%~51.9% and 41.4%~122.2% respectively compared with the binary system of floating beads and NC.

The maximum vertical density difference of cementing cement is 0.022g/cm’. The ternary system based on DFE has

good rheology, stability and mechanical properties. DFE has certain guiding significance for guiding the design and

application of multiple cementing cement slurry system, and can effectively improve the early strength and

comprehensive performance of cementing cement under the premise of ensuring low density.

Key words: cement slurry; close packing theory; Dinger—-Funk equation; particle size distribution; mechanical properties

0 5l8

B & B PR AR S T R ) TR K X Y & 2
CZa) | W R B = LI E 1 R ) 1D P SR
FVE A o SR, 7E TR AR 45 78 8, 7Kk e A 00 5
K RGN, K e B TN B S R S L i 2 B B
JIASEE e LA SO IR R T Bk Rl
TR AT I b 22 b R AR SR G W n9 A W e 3, B
b R B 5] E I RE B AT K G o i T A Y
JERSRAFN A K R 55 [ 45 550 5 45 17K Je 9 25
FEAE R fE B AT S B IR A . Btk
R 2RI 55 B8 1 19 U8 5T 1] oK U8 I ik o T
KR ALY Y 55 2 2

H i, Py A UL K [ K e 3 3R 2
AR AR KRR AL H AR (PSD) '™ (& 48 K
T F AR Pt 4 BRI AR KK I+,
AN Hob RN TTIZ R S8 PSD HR %4
AR TR ME AR e 8 ) G B Ak [ AR R ORL 9 55
KL, 78 PR AIE K e 3 HAT R4 3 28 1 7Y i 32 5 R
P& e B4 ORE B M R 5 SR K U8 JE AR R b i AR
i, I HOAT DU 250 B 5 7K U 20 7 2 a8 B RN
JZ 0 B RE 77, B s K U8 B 00 I Rk A B S R RE
FE A ST IR A F i, BRI R A

55 HE B IR A 5 O Ak K D8 2R [ A 0K Y
L BE 43 AT R0 R Y B % M R R 4 K U
A7 BB R B N T4 R AR SR W) 2 v e
BA U WA FAE, © o 0 & 2 ik & [ K
TeFEA R BB AR L Schlumberger ,Hal-
liburton \BJ 224 w] 3 T 5 HEBUBLIE AR 4K O A i T
5 A K B K I AR & L IFAE A i ARz
e

B0 ME R B 2 0 ] T B3 O Y i
ARk 2 W A8 K 2 T Ak Z T [ AR 2H 23 1 K
PSR ZR o SR B 2 TRV 1 DG 1 28 2 11 X 7K Ul
HeE R R R TR PR R T 5 PE R Y SR R B

WY 1] 7K Y8 3 IS — b [ AR UK B Rk 3 o e Ll
RIS LR ER I SR I 5 A A
(-7, 280 T B e K PR S s 2 Fh 3 MR R X
Foft AN [ei) K B8 11 1 A A58 A B4 R LA ERCAS: B Shy 3L AEL 174 2
Heo TR, AR SCAE X HE 0 B JL A 28 g 5 o of AR
U FL Rl I, BE $F Dinger-Funk 75 # (Dinger-Funk equa-
tion, f Fr“DFE™)/E Ay FERb A B, 45 45 38 N 5L 5 1 Ak
P 1 2 BB (LY B, DA A4 4 B8 3 45 {1 2 2 [
K8 I B RL L o3 A 2 o IR AR Al Bt T —
Tofr 25 86 T 3] Y = JC T AH 2% T ARG R R 1 K 8

RZIEXF HEREHEAT T 2= N IEMT .

1 EZHRIE LA MRE

1896 4F , Feret X} R &E 1= Y 25 WL 1 6 #1 HE TR 2%
SCREEHEAT T WFE . B S, Furnas®' | Fuller ™ Al
Thompson 55 AH 4k 7 fie K% 5 B i TR BE + /9 &
AL URL 2 C AN B ORL 9% S8 B S 7 T AT T ARSR . TR
W4 1L AR A R R R B ) A A
WA T AR TR TR A 4, I E 58
) e R R g AR o s 0 B T S
HAFTE M 0] . FEIR BE L 9T, © £ 42 Hh Horsfield
AL Aim-Goff #5 A | Toufar #% A | Stovall # # |
Furnas #2 #  Dewar % % F1 Larrard 5 %Y 25 ‘5 % 4 f
B AR A I RIURE G T % Sk M B R R 4y,
BEAT % 5 2 W0 HE FEUBE 78 R[] W 2% T M RS 78 R A
[i) DT 29 T A 78 ) FH A sk 19 1 34k A58 R 4 3R 45 G I
FJoBH Uk FEAE , 40 Horsfield £ 74 F1 Husdon £ 7Y
A RE ¢ HE AR BLM B R AR 43 A FE AR SE BR R 8K
A>T 2 9% TC HE RS Y 3 B A i SR B Ay AT
0 URE AR & e A i B A A A 32 AT Fuller il 2
DFE FAr R RRAE 7 #2545, 5 SC PR 4 & . A SCFE
DL IX S 22 B 1Y) % 2 ME AR PR R BE R AT 20 o
1.1 Fuller i £k

1907 4F , Fuller A1 Thompson #& Hi Bi A8 G H7 il



96 Bk T 7

202143 H

20 (B Fuller £k ) , F 2k i 5010 3% F0 R BE 1 v 42
Ak A B S5 A HE R B I T R A Ok 43 A
U(x)=100(2/x )" (1)

Arp:Ux) 5 FL RS Sy e B 7 O B 38 o e (%
HAABIHE) % s o— 0 FLR S mm 2, —— %
B B KR H A4S, mm;n—— Fuller #§ %, n=0.5,
T8 T R 43 A 1 3KOE U
1.2 Andreasen /2

1928 4F , Andreasen™ D) “ G5 i 25 oL 7 Sy HL At Sk
R OB R BE A3 AR BT G T ME AR A

U(D)=100(D/D.) (2)

A :UD) /NTFRLAR D R AR FUE
i, Y05 Do—— 1K &R R R BURL Y RL AR, pm; D——
5 U(D) X} R B B0k RS, pm n o3 A B, To
WY, 5 fuller 38 808 MR .

Andreasen A iy , £ B 43 Aii 11 £L B 4 B 5 72
I AR (B B/ B, 2 1/ 2<<n<<1/3 1, 4L
B de /N L T d8 /N T 1/3 2 A 2 L.
1.3 DFE

Funk 2 fil Dinger %38 13 78 Uk 20 A7 1 5|
A BR/NUR RS, % 182 D=Di} U(D) =0, %}
Andreasen 7 BT T IE A3 20K 7 ##

D”iD\”
U(D)=100——— 3
(D) DD (3)

s Dy—— By & A B /N UKL B R AR, pm; HE
6] I

Funk #1 Dinger #| I3+ 55 AL AT B4, 45 1 24 n
=0.37 IF , 456 043 A B A T 3R A5 B /N FL B
1.4 S IEFRE 7 2

JE B A5 UKL TR AR ) 43 T 4k B D i 3 0k
Rt 5T/ T 5 — RO 09 ok R BV R 3 % 43
YR ) YOG 2 L S R R R AR T R R

3-D__ . 3-D
X L min

. 3-D __ 35— D
X max L min

(4)

V(x)=100

A Vi) TR A RHAR L 53 Ai R A o——0RL EL
L pm; 2 e Kok R, pm e, /N
R RSE pmy D—— UK 23 2 488, 24 D 1E 2.515~
2.697 0 [l N HUE I, AT 50 BLAR ) S ME A
R 4 BTN 254 I F , Fuller il £k #1 An-
dreasen J7 # .DFE Fl /3 JEHFRAE 5 # 2 — 1) . Full-
er, Andreasen 7E i i AR 1) J0ORE R SF 43 A B, 22086
TN RS RSURE A R %k R 2% T 2850 9 5 e, {HL SE B

15 B0 A 2 /N RS JBORE 5 A — 22 1 L i 5L X fL B 45
My HA —Z ., DFE M0 FEE r fE 44 I
R, B RN RS URL 1Y 52 ), B AR TR
F13-D B U AT AN [A] 0B AT R 7R 1 kD42 43 A 5K
Fr 275 AH [8] 1) 45 5, Fuller fi 28 1 Andreasen 5 2 J&
DFE #1432 FRAE J7 B2 59 Re 1] o DA 52 ol 3 Bl A o2
) B DR, DFE BB AR MR . ik, 5 U DFE /
R BT IR K [ I K U 3R 1A 7R A 5K HE AR S R4
B S I X T BRI S 0 U AT

2 E T DFERI/KIR &It
21 SLERM R

TEHL G G K U8 B BRI NC AR by 9 Ji #
b o AR S AR 3 A 4 B K K 5 UCSRL-203,
A3 HF UCSRL-204 58 51 UCSRL-205 #1375 73 5
UCSRL-206, 525 /K R sl i | kK.

3 B 5 /R 3o B A 7E B Mastersizer 3000
TR BE 43 T A 72 1 45 B A A ) 1 R B 43 AT
i an &l 1R .

251
I A
20 &
- I NC Bk
5 15} \
EE | K e
1=
£ 10f k
E ' &
5k
Oka/n-- A00A000000000000 -
sl n Ll n Ll n P |
1 10 100 1000
HURL E A% /um

1 SIS #F ALY AL EE 53 76 2
Fig.1 Particle size distribution curves of

experimental materials
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Fig.2 The cumulative volume distribution curves of

materials under different n values
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Table 2 Rheological properties of ternary and binary

cement slurry systems
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Table 3 Longitudinal density changes of ternary and binary cement slurry systems
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