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Abstract: To address the challenges of high solid content and difficult rheological control in high-density drilling fluids

for

deep and ultra-deep well drilling, this study systematically investigates the fundamental properties of various

weighting materials. The effects of density, particle size, and particle size distribution (PSD) on drilling fluid rheology

were analyzed. Based on the dense packing theory, the particle size distribution of weighting agents was designed and

validated through laboratory experiments. The results indicate that higher material density leads to a lower solid volume

fraction required to achieve the target fluid density, thereby yielding better rheological properties. Smaller particle sizes

and larger specific surface areas result in more significant viscosity effects, with fine particles smaller than 20 pm in

barite powder causing a substantial increase in apparent viscosity. A drilling fluid with a density of 2.3 g/cm?,

formulated using barite with an optimized PSD, exhibited a 19% reduction in plastic viscosity compared to the

non-optimized sample, along with an increased yield point and significantly improved rheological properties. This study

provides a physical control method based on particle size distribution optimization for high-density drilling fluids,

demonstrating strong engineering application value.
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12 5k 3.47 AR SRR 0 LT RGPy EEmD) 1
11 A% + & JE TR TR R, 6 e R R R e

WA LR, 52N BILE AR b 3R 22 LA P Y —E LA o AR CRE A R ) (GB/T 5005—
A B R iR 4.3 g/em’ UL b 7E B W P 2010) H R 2 1 K 75 M B 4 8 A B e vk, il
M fe ek (R E SRR RS AE AL T E AR RE A E i A i (L) .
F 4.3 g/em® W TE fb A ERIIE W R R . o HTERSABTHAT ZRT Asa%S KRR
HRE ) B, v R A VR T B S P R Yo Ae K i O BRI & R B, A B R

B2 ) E A BT H oa B B T A HLAE B I A e
1.2 E S AR R E R S PEFR T SRR B 1 2 Al JE X S8 6 1) B I B TR

P fi by IR B I S A AT A PR AR R BRR AR B AR R R IAY M RE A R AN A



535 31

VT AR v B T RO Ak B A R A AR 5 89

44
43+
o 42r
5 41l

§ 40
& 397
381
37}
3.6

ML BB R L BERD R PR R
LR R B3R apie) ppte2 ppees e

1 AR REREHEE

Fig.1 Density of barite from different manufacturers
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Table 2 Particle size distribution of barite powder

ERWAR/ ik

k W Dy/um Dy/pm D,/pm (mtg)
BN L E 36.1 84.4  12.2 943.3  2.000
I 9.5 26.6 2.25 2234.7  2.561
JRAR 3% 9.9 33.3 2.54 3100.6  3.114
7 HAEP 35.8 782 114 1270.2  2.412
BEAEL 143 40.9 2.49 2904.1  2.696
BEFE2 7.4 32.3 2.01 4128.1  4.073

MEFIHES 12 43.6 2.31
JU: F) W 4 4 2.5 5.2 1.77

3213.5 3.427
8013.0 1.342
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Fig.2 Viscosity effect of crystal powder before

and after adding calcium sulfate
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Table 3 Influence of different types of weighting agents on the rheological properties of drilling fluids

i Vil [EN e S o/(g-em™) FL,»/mL AV/(mPass) PV/(mPaes) YP/Pa
EiR 136 78 58
T AL R (0=3.47) 1.89
150 °C.16 h 1.0 79 61 18
%= 52.0 42.0 10
HI T (0=4.21) " 2.03
150 °C.16 h 3.2 49.5 46.0 3.5
o i 35.5 24 11.5
I A G (0=4.8) 2.04
150 °C.16 h 16.4 31 25 6
%= 38.5 27 11.5
HH A BB (0="5.0) g 2.00
150 °C.16 h 17 30 27 3
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Table 4 Influence of barite density on drilling fluid rheology

fic Vi RS LE o/(grcm™) FL,,/mL AV/(mPass) PV/(mPass)
=i 55 45
LI A WER Y 4R 5 A (0=4.05) 2.01
150°C.16 h 3.4 43 39
) EiR 46 40
T+ R YR A (0=4.16) 2.00
150°C.16 h 3.2 41 35
=i 39 34
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) . EiR 52 42
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| . =i 44 38
A+ FM YL E A (0=4.34) ) 2.01
150 °C.16 h 3.6 40 37

1.2, 3 A Yl s, AL 5 73 MU 24 09 40 °C54 5 9 [RGB , 2 b )5 75 s i B2 29 50 C.
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Fig.3 Particle size distribution diagram of barite powder
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Table 5 Mass percentage of different particle size ranges in barite powder

A% /pm =100 100~75 75~53 53~37 37~25 25~ 20 <20
SN L 1.23% 4.10% 12.52% 24.38% 36.02% 15.25% 6.50%
B E 0 0.14% 10.92% 25.62% 30.86 % 18.02% 14.44%
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Table 6 Viscosity effect of barite powder

with different particle sizes

W/um 75 00 2T ST B
A 9
S 53 37 25 20

FUEE R /(mPass) 98 68 80 107 136 179

HEF A PR 2 Gaudin—Schuhmann B2 43 A 7 2 .

D m
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S s Y F IO D ) 5, % s D —— 0k o
RHE s TS TR
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25 BR e o0 A S L (R SE PR b, Wk o AR AR A R R
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Table 7 Calculate the percentage of different

particle sizes in dense packing

KA RSE/pm Jo i oy 8/ %
150~100 13.92
100~75 8.70 10.10
75~53 9.57 10.80 12.06
53~37 8.23  9.90 10.95 1245
37~25 8.05 9.33 10.39 11.82 13.50
25~20 4.08 474 428 6.00 6.86
<20 4745 55.13 61.32 69.73 79.64
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Table 8 Two level grading test of barite powder
fic Iy Ap/(grem™)  p/(grem™)  AV/(mPass) PV/(mPass)  YP/Pa PV LR
AN RNE A 0.01 2.28 47 41 6
R AR 1S ENA 0.01 2.28 50 44 6 —7%
B ARE TR 25 WERA 0.02 2.28 45 49 6 4.8%
HI AT X35 WERE 0.02 2.28 45 34 11 17%
W AR T XA S WERA 0.01 2.28 46 36 10 12%

5o M PR 2 HE AL BRI YEAT B A, 4 ) L 100,75
wm A Fe OB AR, A DL N R AR (4153 wm) A K
BRI, T R — A 1 A0 N UL B S R % R R

240 IURE L 3 T ARG Bl S WA 2R 286 B AT R R I
Bt T 48 51 LL 100,75 pm Sk f5e KR 48 B 5 A HY
KLRE GBC , AR 9 B .

F£9 RHHIRE RE R

Table 9 Granularity grading method of the design
AR/ um 100~75 75~53 53~37 37~25 25~20 <20
SRy (5390 0.14% 10.92% 25.62% 30.8% 18.0% 14.4%
By = 25% 22% 16% 12% 2% 23%
Ylr2% 29.3% 21% 16% 2.7% 31%

(2) T A OB BC I o KB B3R P i Ty
KX 1SM25ERAMACH 7% ER2.3 g/cm’ 5
LB IR, RE I O R) L 0l S A A AL AL

AE , I AN 70 G T A 0 9 e % R B O R AT
Xt 4 2R UL AR 100 35 A AR 2 I 0 N O Y

R .
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Table 10 Barite particle size distribution test

[ WA p/(grem™) AV/(mPass) PV/(mPass) YP/Pa #AbJEikZE PVIRILR
B+ AR E A 150 °C.16 h 2.28 47 41 6 s
AR T SMERAKR  150°C.16h 2.29 44.5 33 11.5 FaE 19%
HERE ARy 2Z5WEMSAKH  150°C. 16 h 2.29 46 36 10 e 12%

o i N v R R R R R R 7 25 °C
TS, MRS S5 S AT A, 5 OR A G A R
Y R RO B, e O 51 i Y B
FERIBPER B BRAR T 19% , V1 Hisf K . A4 I =X
275 INE RS R LR B R A T 1206 . R T
3 2 5 0 E A B I P R 5 1S B R R
T, S M ol 20 R 0 5 2 RN o

1 bR kLB g e 5, e K 1 T R AR
FE 100~37 pm AYRIURE R 29 o S5 1 63 %6, Z e 77 5
25 oL AR E 100~37 pum By TOR K 249 5 50% , i 5
i AR K — R 3690, AT DL Ok IS
Pl KL 22, T v % R O RO 7 M ) R
U AR R A D6 ZBUA 3 B 11 /0N R 35D 78 25 BR A BEAE AT

IR 4 2 18] A B 22 68 00 = Ak DR/ SR AUAE [1] ) JBE
AR R BB RE

- o>

4 By

(1) 1o 1 4 ek 2 e AR B, Beat 1 o =5 A4
JE R C , I DA 50 3% W 9 i i 70 ) ez B 2% T g
AR AR i 3 2B Y b 2 4R e Bl T MR B T,
S Bl T IR A AL PR RE o ORI ARk B 2 I B4 i B
FRUAH EE AR o 50 AT 0 9 B 2.3 g/em” (9 B
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