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Anti-scaling Performance of a Low-Surface-Energy Modified Polyolefin in Gathering Environment of Qilfields
Xu Guangli', Wang Lan', Chi Kun®, Cai Liangxue'*
(1. Petroleum Engineering School, Southwest Petroleum University, Chengdu 610500,China; 2. Changqing Engineering Design Co., Ltd., Xi'an
710021,China; 3. Oil & Gas Fire Protection Key Laboratory of Sichuan Province,Chengdu 610500, China)

Abstract : Considering the high cost and complex process of descaling in oilfields, in order to determine the anti-scaling
performance of a low-surface-energy modified polyolefin (abbreviated as LH-PE) in gathering environment of oilfields, the effects
of temperature, flow rate, and ion concentration on the amount of scaling were analyzed by laboratory static scaling experiments and
flow loop dynamic scaling experiments using the simulated solution of produced water from the fifth oil production plant of Changq-
ing Oilfield as the medium. It is found that scaling occurs in a short time at a high temperature, and the amount of scaling increases
greatly when the temperature exceeds 40 °C. When the flow rate is lower than 407.68 L/h, the amount of scaling increases as the
flow rate increase, because scaling crystallization deposition is greater than medium flow denudation. When the flow rate exceeds
407.68 L/h, the amount of scaling decreases as the flow rate increases at 30 °C, while increases as the flow rate increases at 40 °C
and 50 °C. The reason is that scaling crystallization deposition is enhanced under a higher temperature. HCO,™ plays a major role in
its scaling. The dominant scaling crystal is loose aragonite and vaterite. At the same time, composite pipe reinforced by steel wires
with LH-PE as the inner liner was trialed in the fifth oil production plant of Changqing oilfield for 60 days. A large piece of scale
with an alluvial-gullied rough surface was obtained after sweeping the composite pipe by tap water under high pressure, which
shows that sweeping can easily remove the scale. These results demonstrate that although the LH-PE can not avoid scaling in
oilfields, yet the deposited scale is easy to be removed through sweeping by tap water under high pressure, which can save the cost
and simplify the process of descaling. Therefore , LH-PE can be applied in the gathering system of oilfields.

Keywords : low surface energy ; polyolefin ; gathering ; scaling ; scale crystal appearance

EETE: W48 A AP G I F (2023NSFSC0421), v ke i 7 S A BL Tl 55 9% % T 9 42 (19CX05007A), [/ 58 H SR FL 5 G 0 H
(51606160;51779212)

BIEMEE : 25y W YR, 205805 1) il = T AR I s & A 4 AT R PEPTEAN < i e AL A5

WeFm BHA: 2023-01-03

SIS 4RI, A, e, S5 AR R RS T BE R R AR B B YR PR RE D). ARSI, 2023, 51(2): 120-125.
Xu Guangli, Wang Lan, Chi Kun, et al. Anti-scaling performance of a low-surface-energy modified polyolefin in gathering environment of

oilfields[J]. Engineering Plastics Application,2023,51(2):120-125.



PRI, 55 - i A PR KSR AR VSR R R B a1 e 121

& R OK LR K, 48 A
TE PN REJEETHUINEE , B 5| R A 2R AL T A U
H8 5 A2 5 M SRRk B T Gl R R 4 i Y R R P
BT —5 b HERE M S8 Tz R HY,
EL PR 2R W VR0 R Ak B, AT SR A TR 5 U 1)
R A O AU A TR A = I
R4,

EAE R Q0 A g G 95 M N = 15
R HE S S5 IRC O R sh A sh A 45 4R AL 5
PIVEA TS IR SRR ST . B S R R AR R
GEYRER VAT TFSE, 0 Kazi 0 BFSE 1748 4 A
EAY T R BR RS #E 1 CaCO, IR O TTTAR, & BLYS
I U B Bl A A} 2 T BE IS KT 4% 22 ; Tang 55" & 31
P IS AN K YR UTRR S Rl 22 1A ) bl BE RIS
[, A 2 B R T AR H AR IR JZ LAV 22 b L 2R 1
PIZEIRY AT UL, B 1 B T DA AR —
MIBTIRTE T . RS B 48 e 2ok FH oM 3R 1
REMREG , BIFoT HLAE il FH AR 4 PR 15 FH B 7 97 3 2
AEEAT EEME L.

28 5 IR R T R CPE BRI 8 (LH-PE) R BF 58 X
% R RS S5 5 i sh 8 shAS S5 RS & 07
2% AL I A ORI ) S s T, TR
i | B VR B A IR AR, IR A A T
B3R (SEM) /AT iR 22 T U AR JE 5 5 8 LH-PE N
o (R AN 22 38 58 2 AR50 HoRI ) 2T B
SR RE , T AR FH RS 5
1 ZIES
1.1 £AXE

(O,

W55 DI AR TR ) R )3 11 SR i Ay
MK 2B J5 MR SY/T 5523-20163 FH /K 234 75
POX R KM T 8T, R L pH A KT 7, 2
SH8ME , AS [ 1R H 7K B 7K 283558 NaHCO, 2, ]
BH =3 Ve B ¥ A 30K 22 7 KR SY/T 06002009
Qi B 7K 535 R #5501 R KR 4535 a3
HRYEA R 11 Rt 7K 1 =228 7 B HR SR A
R RS SRR BN R R A A R 1 T
7 B SR H KRR, 40 B4 55 1#, 2B

F1 KEHASERB REHOAREIESTFRERE mg/L

o SR FH B ¥
HCO,” Ccr Sr* Ba* Ca® Mg”
1# 119.85 3604248 2037.61 78191 4390 43091
2# 2667.78 4395.18 12.91 3.78 44.62 4451

W 2R EHII N HTEL, | I 0 AR T R 1k
A R FE]

Q)M BHS LA B

LH-PE rH #7 VA 28 B o B Oy A B wl A
y, H A R A R SRR A B A P R
I IR A T R P I A Rk R S R IR IR E
BT o F H 2 M5 45 o P TR SRR ik G R
K, BB 55 SR ke i R BE e B, (LRI A
R, e At AET A () TR .

Y. = y‘(cos 0, - cos@u) X
(1 + cos t9m)2
(1 + 00507)2 -(1+ (:05(9‘1)2
Aoy ——ERM BRI A B2, mN/m;
y—— A T R 5K 7, mN/m;
0, — [ R H M A L ©
0, —— [ FT A

K H DT-102 #44> [ 2 55K 7 A0 A5 R4k
FESLHE 7K 718 60.6 mN/m, % JH] KRUSS DSA 308 %!
2 2 b A 04SN 45 LH-PE 54540 7R 422 i i
PTG HEEE il fA 5 AR B Ml AR 3 00 R 73.6°,41.5° ¥
FRBAREAC A1) AT 1S LH-PE B R T B
it 24.11 mN/m,

SIS EEYTINR AT B LH-PE &, 506 6 &
4 LH-PE WA B 223858 52 54, ¥ el VA BB
RUEEA A A7 BR A F A 7™ o

Q) F LA H A

TH T4 . DHG101-2 &Y, |- BT ) B 2% i%
%I

PE IR K A - CH1015 Y, b A7 S AL gAY 36
I

HL,F K- JJ1523BC A, & 2 s WA a2
]

AL INE : Al 5

X B ATEHYL : XPert PRO B, 167 2= A 44 R 2%
Al

SEM: ZEISS EVO MA15 1 , f# [ -k /R 2% ) i
MEMGA R AT

2 ik £ I /Y - KRUSS DSA 308 Y, 7 [
KRUSS Al

4 [ B R 5K 1 DT-102 AU, 111 4R 355 1 A b
AR A TR AT,

(4SBT

(M



122 T REEALI 2023 4F 55 51 8,55 2 1)
AL 5 BT S AR, e R B dE . S, &

DL B WO SE B A BT, R ) o R R
5192 30,40, 50,60 °C, #Z Al Al 53538 5,15, 30,
45 min, FHEIR KA 53 B B AEAS AR AN
(R fl oF () 25 0 T A 25005 i, IR T3 AR 42 fhp
(B P B S 5 0 R . LR G R N HE TR L
T GRS IR A5 B 0P 46 T 12 mys
FHEACHE T I AR E , A 2B AR AW 46 BT it , 100 m, s
B 200 mL LI R AHEIE L, #5500 S8 HL
T AR E (30,40, 50, 60 °C) /K 4, — & i)
(5,15,30,45 min) i B HEE OB o 308 S, 408
45 HEIE LTI AR E , 15 20 U8 4R HEI I A0 e 2
AR my, my s BT (mytm, )W R
(m+m ) F5 B SR 00 2535 5 Am, B DARS ] P
REEIR A

QBNELEYR L

FEF AR, W T AR R E,
B RN, 2 R BT 87T Bh ot Ot
AT IR BT A R [P A5 T A A, e e
TG HY W7 VLA A R A A I A BR A AR Y 28
mm x 2.5 mm LH-PE MRS B A8 IR K B4R, 01 %
B GIRE . 2 9ILL 14, 2B ATl SEBe A
J5, i BE B 30, 40, 50 °C, it = K 219.52, 407.68,
1254.40 L/h, SL50 RHI M 6,12,18,24 h, HAKEBE
- MRS B P BEEA T BRI BROK , BRE S , e 5
FeE AL R ARIKIEE R GG AL W
AAETREE 3w, TR T TR I B s 2 7 iR 2,
i A AR TR s IR, 1) /K YA R 6 TP AL ok
K FT IR AE e il R 3 SE IR s VE SR 5 AT
BULIE 8 A U AE B PG PR 8l 5 V8 15 3t i 7
SEMH, W shAa s J5 I ah T, S0 R B3 5 |, 56 ]
B0 IR RS B B Lk 1, BT DA B

3 4

i

1, 13— AL s s 2— P PR s 3—vRcE ; 4—Ti i 5
S—IREE IR 6— KA T—IRJEE IR 83—
9— (L [mI ; 10—y it 11— B 12—k
RISt o R 7S ey = L]

IO ) i A T BB ALV o
1.2 Ay FEH

DAy S8 I 20K B A B A A A A B
OSEIAEFE 75 mm x 10 mm B LH-PE P40 2438
5 A A A AR PRI H A R AT BN,
BI2 s . A Beh 3 FER I, A28 55 mm, TAE
J£170.8 MPa, il 40 °CA: 45,1217 60 d J5 R H B &
KL R o3 S fe O

S i e

B2 B R
2 ZERG5IE
2.1 HELEHBEALSA
Vel 3 DAy AN [}l FE B[R] 2 0 (9 s 2 3
T 3 R AL Bl 32 T R, 5 SN 5 13 30~
40 °CH , 23 S B/I s LR Ao 40 °CHY, 25 b
TR BB 31X BEIH A B B2 i 40 °C, 224
JRORR 93 o Pl 4 S AN i B AN ) e ] P9 T2
HifdR . th 4 U RCHL, A R B KT
SRR TR S min B IEAT T B P A B 255
Rt

t ——30 min
20 ——45 min

—5r
25 30 35 40 45 50 35 60 65

HREE/C
S I N i Y- N1 P S R e
2.5¢ —=—60°C
—o—50°C
20k —a—40 °C
= ——30°C
g 15;
on
E 107
B
# 0.5
us
0.0
_05 L L L L L L L L |
0 5 10 15 20 25 30 35 40 45

fisf [] /min
&4 ARSI S5 5 R B 18] 1 22 4L



PRI, 55 - i A PR KSR AR VSR R R B a1 e 123

AR IR B e AR 5 Bl B T R 0 RE G, 253 R
RREWEAL, B2 B g5 s od 2 U0E s Y
Yk BB AT 40 °CHT, S 34 45 3 R Bl s 1) SRR R
TR IR B A e B 2 AR A R ) P R A
2.2 HELBERSH

&1 5 J2& LH-PE il R0 48° B 70 AN [m] 254 253 R
o, & 5 A LA L AE LH-PE 26 1 A2 i T 20 B 1
I TR DL AR R . AT DL ARG 3 T B
REM AT RHEAT — 2 BB IR ), (HJC 1 kS A ek 3=

453 , ANBEAL AR R 0 R/ NI R R A
Bﬁ

a—30°C,407.68 L/h; b—40 °C,1 254.40 L/h; ¢c—50 °C,1(2)54440 L/h
s ORIRIEE A i A9 LH-PE S50 BEZE SR 1 00
DL 2 AR AN ) I o IR B A5 T 23
O, AT R XSS YR B R s, i 6 iy
o M 6an] LIF Y, JTCig i K/, LH-PE 4 B
eI} *f%ﬁﬁﬁﬁﬂﬁi’wﬁiig LR 40 °C
HT,,nfgi‘hnmaf“jt X SRS N 4 Y e bl
AR R 458 — 3 X N Bl A B EE T
m,Cacof b S A B AR, R EBCE 2 1
VISR B 20T H 5 [R] sk, i T v i LH-PE R 11 fig
B, T Y A BE G A, S B0 2 035 AT IR
VE s D3 A, BEAE I EE T Ia a0 AR AL R K
AL RTINS AT A T 00 T R A U AR
i & 6b 1T LLA H, 7E 219.52~407.68 L/h i 2 X [A]
N, BE A T BN, 48 B i 2 i e W R, i i
1 25 407.68 L/hF,,niFH%%”*%Uﬁ,/nfﬁiﬁk
o X2 A YR 2 Yn S BT 3 TR AN BT 2 1
TR R 2R 3 [F AR A A5 L owiiﬁad\ﬂ]‘ Ui b
WUUR S 5 A B s s AR /DN, PR 2595 &
Fan s e B, Ya SN WO B OTARRA [R] s, A
i sl i 3 i (A5 DR Hh B 453 A e
g R EART 407.68 L/h, 4535 S 8 ik,
WIS URRAE R T Pl A i 5 #7 J t HH 407.68 L/h
1428 1 254.40 L/h, 30 °C T 45 Y5 & 5208 /0 #a 3, i
40,50 °CH}Z5 35 1 S0 i e, & RN A TR
BT S ECE 20935 ST

250
—=—219.52 L/h
——407.68 L/h
200+ ——1254.40 L/h

0 -’/'/.

25 30 35 40 45 50 55
g/ C
(a)

[——30°C
—0—40 OC
| ——50°C;

200 400 600 800 1000 12001400
W/ - b
(b)
a— R T 455 BB A5
b— AR T 4 B i 1A 1k
K6 R 2l W A [R) A IR 45 LH-PE
ST B i

TR I B A R SE B 1 o B X S5 3R & S
w7 Fis . —MIEOT S5 S P IR =
T SE R IE LB R, IR B 7 Sr*,Ba™,Ca™, il LA
Mg, HCO, %5k Bl K, g5 mdk R, fE 7T L
F o, 2 AR TR 4 Y e 24 Bt A R I B st (1] ZiE
K, Ui B B3 fd FH LA LH-PE A N 2548
B, 50 PN R T AR 25 35 2 AN BTG K, 2 T TR .
FAN a1 R EE 2 BRI WP By S, Ba™t,
Ca’ ,Mg*" , HCO, %53 i, & B 14 481 W P S
Ba™ B 549 ) e 2RI MR 1Y 158,207 £, Ca* Fll
Mg> B T BEAH AT , 17 2#BE 4001 T HCO, B 1k
FE R IR LA WY 22 1% , BN IE 7F 30 °C, 407.68L/h
B T T 847 24 h , 2480 IALLA RO Iy ) 25 35
A58 89,8 mg. X UL HH FH B 1 S Al Ba™ %) 4%
P /N T-BH 85 HCO, , HCO, ¥ il K, LH-

100 110

it
—= 2B a—" -
80+ / 18
on o0
. 16 £
‘5
12
0 0

0 5 10 15 20 25

i) /h
&7 30°C,407.68 L/hH], 2 BN R 20 ol (A1 I 1) 2535 1t



124 AR

2023 4E, %5 51 4,45 2 W

PE SC 0645 By 45 95 /2 Bk Ok . PRI HCO, 7 LA LH-
PE N E A 455 Tl E AR
2.3 FABRHBR

SRR A e LH-PE 2R 135 & B O 50, A1)
FHYIEIPL .25 T.J] W LH-PE #1485 |35 £ 1 20 x
10 mm ) J5 FE 3 kR, ¥F LH-PE J5 i kE & T 0.1
MPa, 50 °CHYA T E 168 hJF , B 554 )
SEM WL i (CaCO,)JES , Il 8 s . iR 8 1]
HILH-PE R 5 A 3Rl ERR ZEE BRIR, DLERIR
FBRIR N 32, 22T/ 5 3 MR AR (35 & 43 51 6) Rz SC
A A mEkEca , b sch sREca R Bs g
DUBR ) FLAS A B T bR o 1 15 I I 36 T B e G 1k
o g , (B AR B IR AN 5 22

e

AN

(a) ©)
a— K 500 % ; b—JiK 1 0001
K18 LH-PELUFERMZIRHBOIES

2.4 WGBEHSAT

T I LN S5 N BERT i I E AT e
i), AR Y AE AR &l 9 Fir s, il IR AR 24 207 mm,
A R, SRR AT ph AR R A B S
YR s BN YT REWTIE J5 2R F X SR AT S 45
AIFRFE S h CaSO, fil CaCO, . X IESLAR R 1 g1
BHLE I A R b T BN RERE S 4505 | (H H 3R
BT S A3 E Ao g e i KA Rl AT R, ] A R Ml e
AR I BRY ) AS | AL BRI e

T EIT F TNE T

¥ J

iy 24

SEY o
I

3 Hig

I A NS B AREEYR SE LA h H
BB UE T LH-PE A4 7E i FH 2 4 PR 5% 0 FH I (%) By
P tERe, o0 TR it A T i o R
SERIRE o 255 YR Al IOWIE 36 B 0 7 i 1 L
BEU LS

(&5 J2& fr U5 ST 8 DTRURD A S5 3 o ) ik 3
[P 1 o i /NI, 35 A DR i A S0 1
SEIG RGN R, i E G5 AT

T40 °C, g5 Ia N, AR BEAR T 30 °C, 4
/b 3SR PR A Bl B T e S BOE 2 9 i (CaCO,)
LR,

(2) i B 2 1 HCO, X 453 19 52 1 K 1 e
PHES 5 Sr* fl Ba™ 45 , R4S U e 21 = S FEH

(3) LH-PE i CaCO, ¥ A3 S 7 A FER
WA, ISCA MR o o B R CasSO,
CaCO,, FKIHLAE HA thEL,

(4) LH-PE & 18 75 1 H 440 28 48 P NI A
REE S 43 , (E T AT H A3 ) T i v e /K 492k
T BR , RBRAR 1 BRI A FIXE R |, 355 F AR il
SR

2 % X ik

[1] Wasim M, Shoaib S, Mubarak N, et al. Factors influencing corro-
sion of metal pipes in soils[J]. Environmental Chemistry Letters,
2018,16(3):861-879.

[21 )7 BH, R, PR, 45 3R SRR B R T2 3
[J1. 388 Tk, 2021 ,49(1):105-109, 153.

Xu Guangli, Tian Yu, Niu Zhenyu, et al. Applicability of polyethyl-
ene to the heating gathering process in the oilfield[J]. China Plas-
tics Industry,2021,49(1):105-109, 153.

[3] #Esesf ORIEDR, b, 45 K P 47318 AR < J 4 i 4 1

ARV S B BF ST (D], T A AR TR BOR | 2020, 16(6):
16-22.
Cai Liangxue, Zhu Guocheng, Chi kun, et al. Experimental study
on aging characteristics of 4731B non-metal gathering pipelines in
Changqing oilfield[J]. Journal of Safety Science and Technology,
2020,16(6):16-22.

[4] Kamal M S, Hussein I, Mahmoud M, et al. Oilfield scale formation
and chemical removal: A review[J]. Journal of Petroleum Science
and Engineering,2018,171:127-139.

[5] 2t A, Z5h i A 4 A SRR SE BT 7 1], 2
fRALT,2016,45(2):247-249,252.

Peng Zhuang, Fu Tiantian, Li Dan. Indoor simulation experiment
research on oil field pipeline fouling[J]. Contemporary Chemical
Industry,2016,45(2):247-249,252.

[6] T2 HWE, SR I, 5% NG5 ITE AR B PR BRIE P A g ol 5
SEYRAT ] B 5 B, 2020, 41(7):61-66, 74.

Dou Xiaohui, Zhang Dalei, Jing He, et al. Corrosion and scaling
behavior of stainless steel in low-temperature geothermal water
environment[J]. Corrosion and Protection,2020,41(7):61-66,74.

[7]1 Deng Kuanhai, Lin Yuanhua, Tang Wei, et al. Experimental and
numerical study on dynamic scaling mechanism of glass fiber rein-
forced plastics pipeline[J]. Composite Structures, 2019, 225. DOI:
10.1016/j.compstruct.2019.111111.



PRI, 55 - i A PR KSR AR VSR R R B a1 e

125

[8]

[9]

[10]

(1]

[12]

[13]

Lv Yang, Lu Kai, Ren Yongsheng. Composite crystallization
fouling characteristics of normal solubility salt in double-pipe heat
exchanger[J]. International Journal of Heat and Mass Transfer,
2020, 156. DOI:10.1016/j.ijheatmasstransfer.2020.119883.
By, B LAY, A T S AR S0 ) BB A S A 2 5
HEIETE[I]. 22 4 BEA R, 2017, 13(9):35-40.
Liao Ning, Huang Kun, Kong Lingzhen, et al. Study on scaling
laws of FRP crude oil pipeline based on dynamic experiment[J].
Journal of Safety Science and Technology,2017,13(9):35-40.
T S e J R, 45 P RIZE RN CaCO, 1T fhis I A K
RIS V] R IR, 2018, 47(12):255-262.
Jiang Huayi, Zhang Dingzhou, Liang Aiguo, et al. Effect mecha-
nism of material type on crystallization growth of CaCO,-based
scale[J]. Surface Technology,2018,47(12):255-262.
Kazi S N, Duffy G G, Chen X D. Mineral scale formation and
mitigation on metals and a polymeric heat exchanger surface[J].
Applied Thermal Engineering,2010,30(14—15):2 236-2 242.
Tang W,Lin Y H,Ma S Y, et al. The scaling mechanism of glass
fiber reinforced plastics pipeline[J]. Journal of Petroleum Science
and Engineering,2017,159:522-531.
ERER, RS RATAT , % . PVDF/FEP/ALO,/CNT B 4 2 il
7 B PERELT). 3BTl , 2021, 49(12):164-168,175.

Qian Huijuan, Zhu Mingliang, Hou Yuxing, et al. Preparation and

(k#EFE 105T)

]

[10]

(1]

[12]

SR, SR, U, S5 T I i e 5 16 fE R S SUE
PRI ELE BT[] TR, 2018, 46(4):70-74,79.
Shen Zhongliang, Gao Yunxiao, You Jianguo, et al. Design of fork
trestle injection mould based on half slider and gear thread
demoulding mechanism[J]. Engineering Plastics Application, 2018,
46(4):70-74,79.
FINE R SRA T DORE U S LR B T T S (D). 2
#,2021,50(6):114-118.
Lou Yonggou. Design of hot runner injection mold for heavy truck
bucket with slider-lifters compound mechanism[J]. Plastics, 2021,
50(6):114-118.
e, WRIE b YR A MR AR ) P T R AR S B i ).
IR, 2018,32(2):134-140.
He Jingkui, Chen Hongtu. Design of large injection molds with
hot runners for automobile side aprons[J]. China Plastics,2018,32
(2):134-140.
KA T EII T, S5 A AL ST s AR B T R A,
B HI]. L, 2021,35(1):98-102.
Zhang Weihe, Feng Jing, Yan Lijing, et al. Design of large scale

injection mold for car bremsleuchte cover[J]. China Plastics,

[14]

[15]

[16]

[17]

[18]

[13]

[14]

[15]

[16]

performance of PVDF/FEP/ALO,/CNTs anti-scaling coating[J].
China Plastics Industry,2021,49(12):164-168,175.

Chiboski E. Surface free energy of a solid from contact angle
hysteresis[J]. Advances in Colloid and Interface Science, 2003,
103(2):149-172.

TR, sk —Te , RJK . I E Rk BE XS A A 5 IR DO R I
BB ). P E LR 4], 2014, 34(35):6 2636 270.

Xu Zhiming, Zhang Yilong, Xu Xin. Simulation study on influent
of temperature and concentration on crystallization fouling deposi-
tion[J]. Proceedings of the CSEE,2014,34(35):6 2636 270.
TR, ERE, BUELE, 55 IR B AR S R R 5 1R A
VYRR R )], TR AR, 2015,36(8):1 742—1 747.

Xu Zhiming, Wang Jingtao, Jia Yuting, et al. Effect of temperature
on composite fouling characteristics of nanometer magnesia and
calcium carbonate[J]. Journal of Engineering Thermophysics,
2015,36(8):1 742—1 747.

Kern D. A theoretical analysis of thermal surface fouling[J].
Brazilian Journal of Chemical Engineering, 1959,4:258-262.
K55, AR 53, X1 SC3k , A5 L BE X B AT i 5 TR B Rl 7],
L T4, 2009, 60(8):1 9381 943.

Zhao Liang, Zou Yong, Liu Yida, et al. Effect of temperature on
formation of crystalline fouling on heat exchanger surface[J].

CIESC Journal,2009,60(8):1 9381 943.

2021,35(1):98-102.

FAFY XU, KB AL I A B B[], R,
2019,48(3):78-81.

Wang Jianling, Liu Wei, Wang Yongying. Soybean milk machine
filter injection mold design[J]. Plastics,2019,48(3):78-81.

B, PRRAT , BRI I RS A LA AR MR B
[T].388},2022,51(1):89-93, 144.

Cai Kaiwu, Li Qiufen, Wang Chunpeng. Precision mould design
for bumper decoration strip plastic[J]. Plastics, 2022, 51(1): 89—
93,144.

TRARLHE  URSF XA 5 P AR S R R R 8 2 A 8
I TARERN L2020, 48(3):98-103.

Wen Huangying, Zhao Liping, Liu Fuguoyu. Design of precision
injection mold for hot runner of automobile front bumper[J]. Engi-
neering Plastics Application,2020,48(3):98-103.

RERL, T . T S B S G T A ). T
FHE,2021,35(2):101-106.

Xiong Yi, Wang Wei. Design of two-stage side core-pulling injec-
tion mold for special-shaped parts with four sides and six under-

cuts[J]. China Plastics,2021,35(2):101-106.



