Oct. 2025 A, A T 45 BIgT 2
- 404 - Modern Chemical Industry 2025 F 10 8

E TR ZSEKEWHFERBINTEITIE

FHEE, LM ,E R, ¥HR
(HEIXFHRBRIBEARELEZRE, S A& 7 M 510640)

FEE  BEBUK B I 8 A B Ve VR R 5okl s B Yede i el IR 5 S8, Hil e alinte , % M AR A T I
ik, WFITRM, YTBOG L TN 10% ~ 15% Be25i8E R 950°C fRIRATE N 2 h, Hil 15 A Be4h T8 MEREAT & [ R bRl edh
WA ) o MU0 B BER . fTB0E JE B AR T 15% 0], Bedlif B2 mbe s i M AR A E 2 R V5 IR B il = i), Belfitz N2
B, Badts i B X a2 i A PEREIRAG 2, A2 K AN I T AT 0TS U B ) AL B RSO D T B TR SRR 1 5, S
T [ R B ORI 3 A TR RE VR & BRI 1B A B

SR4ER KL s WG T2 Vo VR A L ; AR P B AL

hE 425 :X705 XRRFRERAD ;A X E &S :0253-4320(2025) S2-0404-04

DOI ; 10.16606/j.cnki.issn0253-4320.2025.52.070

Disposal of water-based drilling waste and municipal sludge based on
brick making method
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Guangzhou 510640, China)

Abstract : Water-based drilling waste and municipal sludge are selected as raw materials to prepare the fired bricks
through changing the dry content of municipal sludge, firing temperature, and so on, and the performance of the fired
bricks is tested.Results show that the fired bricks meet the requirements of China’s national standard “Fired Common
Bricks” with a MU10 performance when the dry content of municipal sludge is 10%-15%, the firing temperature is
950°C , and the holding time is 2 hours.As the dry content of municipal sludge is less than 15% ,the firing temperature is
the main factor affecting the performance of fired bricks.As the dry content of municipal sludge is too high,the internal
pores of fired bricks increase, and the firing temperature has no effect on the performance of fired bricks. Through
synergistic treatment of water-based drilling waste and municipal sludge, not only does it reduce their harm to the
environment and achieve efficient utilization of industrial solid waste, but it also provides a new idea for sustainable
energy development.

Key words : water-based drilling waste ; brick making process; sludge disposal; solid waste re-utilization

AR v ] ) S RE DRUJR) o A 14 58l , b B e R
AR BEE A 2. 18x 107 m* & FIERAITT & s
AUBTIR R T DR B ] 52 AR R 22 4 e I RE U &5 F 10
b S BLBR R H AR A R R R Y A
AR R A K A T IR K R IR A
VRO 2 — BT AR, A5 S X3R5 1
TR Sy — T, v BB B i Kk b B A
T O Al B0 5 R AR 0, T B0 U8 B
S Je A REA B AL O 28 o ] 29 3 & T
A X, €O A Tl ke R R )
rh B A Sl TN [ A B AL NI B
(R ESITR

F AT FE P A T Tl [ A M i ¢ IR Ak e 2

FHTEESA BT Yang 250 DIK BL45 B8 8 1
BR A SR 51K 2 B v P e B R S 4 7, SR
TTEMRACT R, 7D R AR IR I 28 AR
AL R 1, H45 10 e 45 1 1 BB A A I S bR 1 (B%
SEYESE L) B MU20 AR, Yu &0 7 A -
BT YR e 235 fite v I A J2 3% 38 ok oA it A P g T
TG U TUA L W K 268 15, 29% , HL R 3R EE
52.01 MPa, {HHHGIET/KIEETH 8 Ay 85
FI PRI BRAIFGE 40 ARBFFEHE TS5 Je i K T2 Fbe
5L T2 AR & W /K ARG 2 T8 A Bis e
1RA WK IS W D ARSI FoRE Jifed: 7= 128 %
TS A A B AR LR, P 8 AT BT U8 2 A Tl [ A %2
Yy, S T b FEAR 1 Ak v ik i Ak L TG AL T

75 B #5:2025-02-20; f& B B #§:2025-07-31

EB R Y (1999-) B WA BIF5E 05 o o 6 M PRI AL AL B AORTFIE 3 AR /AR (1969-) , 55 1 b, s 4 TR, WF5E 77 18] Ay 95 Je b RS

AR, B R A zhuxlin@ scut.edu.cn,,



2025 10 A FREFE  ETHIEELEKESHEBNMECTE - 405 -

ERBEIRAL
1 MR57E=%

1.1 ER

S0 T K Sl S 1 T B A B D T R Al T
G, KN 26.31% , ¥AEFR B K 12. 73, SLER T
FHTTECTS Y6 B b il iy 505 K AL B, & KR
86.62% % E N 1.2 g/cm’ , A HLTEF 8N 56.34% ,
pH H 8. 15,

1.2 ERSHAE

KT 22 AN REA F ) Axios PW4400 X 428
DTG JFURHY Ab 2% B A3 47 43 B 5 2R FH g =2
THEARFA T BY Xopert Powder 2007 H st FE X JF 28
TSSO K F Al P T8 S e 22 ke iR AR A Itk A 43
Br, &R Cu B0, B B A UK 40 kV, LI 40 mA,
HHEJEH 10° ~90°; & | Mastersizer 3000 RS0
AL AN 7K AR I I T KL A2 43 A (AT 43 4T 5 2R
DRI B = B kA I A PR 23 W] 19 CMT5105 10T
LA i FE T 7 e X S0 LI b 45 1 e R 9 % 5 O
HH A H 3728 6] SUS000 37 & 5 4714 FiL B2 #1148 SEM
AR s R 3 kv,

WK R T 12 - T BRBS 45 4 FR 1H I A T4
TR EE LT EEICH m (g), T
J& W pesbtt iz AJK T = IRCE 24 h, HUHBEZET% ,
FHE T K 22 R K 4y, 37 BVFR i, T A i i it
24 h BRIE m,(g) . WAKFIHR:

W=1[(m, -m)/m,] x 100% (1)
1.3 RERPFEHE

WL Tt fite R R 5 KSR N A5 I AE 18% /A, o
Tbedh Z BT K RN P e 2% 2 A7, SER
AT ET5 e 4e T 48 553 5 0% 5% 10% , 15% |
20% \25% F/K LR B IR & R R E A 0
PRBHE A B A B AR s ey =R B I K R A A T
TREE MK, 38 3o RO 15 4% B4 008 R 7 D R PR g st ]
VRS KRR 18% 247, X EIE G 1520 (%
DERAM EERL R B, H2 G 5 78 A B 45 il Y
JEH1 7 MPa, £#4F 5 min, KA (RS IR F SR T4
24 h 5 R AR PVE RS TR TS h, =
T TRz SR R D i vy T R R R e
FESHL, 20 9.7°C/min, 43 1% B fe m b as iR E
900 .950°C F1 1 000°C , {41 2 h, Bezhn il VE 2 W
BL, Sl 3 A Ak il 2 UL 1B 2, e il 45 R 56 ]
Dl AR EN B E T A B G AR

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700
5 18] /min

1—900°C ;2—950%C ;3—1 000°C

W2 #ERZEE %

2 ZHR5iTiE

2.1 ERaH
2.1.1 RBRAF RIS
IR IR I 1 T8 AT BT YR A XRE 345 SR 0L
1, IR EURE 2 22 1o AR R Si0, AL O, |
CaO 1 Fe,0,, fmimBELSI, AL O, 1E R Baas ik 5kt
B Bl 90 5 R R ) T 4G 23 A T B B R R
Fe,0, Fl CaO J51E Sk Bl 70 ] 42 i Y AH T B adk: 1 15
Fett RV ERFLER , LA OR 5 1 i be 4 i B 2 18
(R R A PERE L K LB T IR Bk 2R A S
Griil ik AL S EANTE K IR I JE
Si0, AR, (0 CaO &5, IEAFF A il ik oK
M EE JeH Sio, &80 25. 62% , HK IL &G H IR
JEA,(H ALO, & m, mEG R KE S A
HUE, 76 = TRl be 45 1 R | 3 265 #ILJ5 A il R 12 it
{8, A Bl Tt VR PN 38U B2 vy, 4 v s Rl &2 (] s
ATLAYT A RRTR . KRS IR T Ml Bos R B A S
AU T 9 %53, w7 LAARE: B 4+ F be &b ik
14 o
F1 ERUERS %
ALO; Si0, Fe,03 Ca0 MgO K,0 Na,0 S04

KEAEEH 16,81 49.55 5.67 11.69 257 3.16 0.48 0.10
JE G

HE59E  31.97 25.62 6.15 10.05 2.67 1.70 223 1.67
i+ 1412 68.59 529 1.21 1.58 2.33 1.24 0.03




- 406 - LA AL T

2.1.2  KRHAAE I E 4R

RIS R TE 9 XRD B35 WL 3. KR4S
JE B th F 25 AT (Si0,) i kA (CaCOy) Fl
Bl A e FJT A 7B 45 o A v n] DIOE R IR 3¢
TR BEINGE 2 fite 1 o B RN PR RE . K RS I P
JE BT YA S A T R E B
BA K X AORUE 1 G il i B2 v il 21 00 82 P A

S

R /a.u.

.
> * o *
ety

20 0 60 80
20/(°)

W3 AF4EFHE B XRD FHiE

2.1.3 RAEAEFBEFRES A

P B K S H R 2t By EALRY B, 1 80
H iR BE o A, G5 F L3R 2. ROk RS 3 Al
DNt W IR AR SR bedh i AR T B A AR
R, VBN BREERE FURL, K SEEL I8 8 TPk A2 < 100
pwm YRR 5 85% A2 AT, X AT LAy /D e 25 o 2 rh 23
B AR S, DT 44 1 e 40 i 1) 5 R

K2 KEHFEBHESS

1.0~ 10. 0~
<1.0 pm >100. 0 pm
10.0 wm 100. 0 pm

LA/ % 3.36 24.08 57.17 15.34

2.2 KREREYIRAK

HBUREEIREE 950°C T T BLi5 e B8 1t 4309 8 0%
1 25% [ Be4h s AT XRD R AE40 0T, 45 5 WKl 4 F1
K5, LA Bt P A3 (Si0,) i e, iR
TEAEAS K AT (CaAlSi, 0, ) FIE S A7 (ALSIO,) , X P
o™ Py ER R RERRER B ), 7 e 4 1 A v 4 v TR Ak
ST T 0 B () R 2 4 Btk SRt 10
FE LR

R /a.u.

20 40 60 80
20/(°)

M4 WEE RS E 0%k 4 XRD K

545 HIZT 2

R AE /a.u.

20 40 60 80
26/(°)

A5 T RSE 25% %4 # XRD E %

2.3 AEBRETHENRERNERE

AR Ak - 1 T R T BT U8 Sk SRR FE R 1.3
TR RS RE AR i o R TR T A I e b s
PR R R T 5 Ve 1B i AR L 25 R UL 6, T L
B, TG Je B i b g ik R 5w RS2 AR K
Bifi o T BTG e A5 1 38N, B4k fite T H o 3
ARG, TS V3850 0%, 1 000°C T il £ e &%
TEHL SR i 5, 4 50. 46 MPa; 2417 Bi5 I 45 2%
T 10% W}, B 2 Ba2s 18 B T &, B 4s % 1 B e
JEB W T, X 0] RE S IR Ry 2 be 4 T B A # 950C
PL I D5 A e iR R ks S Sio, R AR A K
AL [EE Sio, 5 ALO, N TP B & A, FF 45 ik
PRI A B 3 R A I, 45 ) M R i AR i 4R
HLYTTES B RE T 15% 0, 55 3B &
IR, Pt 5 B R 3 P (AR AL ARSI i 5 TR B i ik
S FHE ; I, Fh s B ah R, X e 45 % o HE o J&
HISZ IR A] LA ZBE AT, 15 U8 458 & X e 45 6k P R 5 &
I REIR K T he 25 TR BE RS2 IR, AkE3 Ty 05
i, BEZS AL I T A B R KT B SR R A 3 L A
#E) (GB 5101—2003 ) #LiE i IR EE K MU0 454,

50+

240
=

30 \
ool

HiE

10+

=0 5 10 15 20 25
B RI%

1—900C ;2—950°C ;3—1 000°C
B6 Feshrs e 5 AR &

2.4 AELIRETHEFHRERERAER

TEAN ) IRLE T il 48 1) 8 4 e W /K 3R B T BT 8
BRSO 7, WA
15BN 0% I, AN [RIBE45 I B T il 5 A Be 4h 1
WK A HLEHEIT 1 000°C T ] £ 158 25 it 1 7K 3 i
1%, 9 16.82% , He 4k il 5 H =, b 45 6% I 7K 3



2025 10 A FREFE  ETHIEELEKESHEBNMECTE - 407 -

1%, X AT REE R o i il B2, e i T R Y CaO
MgO 5 AL O, & SiO, W, A= CaO/MgO—AL 0,—
Si0, ZICRGWA , FEVHIE R OR A A
BB T T 15 R PR A FLBR, 3 UMK S FRA
B BTG Je B 3G, Be gk it K SEB s K,
ISR R TS 4B s, fE AR i LA T
150, TE iR e 2 1 B P A AL & A o0 i, TE G AR N
K HALBR , S 8L AR SIME & AR | i R R4S
IR 1S be 4 it WK F . HBS B ER
5% ~15%IF, 1 000°C T il 7 HY 2 4 fite 7K 32 B 1K
T 900°C F1 950°C T il & By b lifite , I pe st I B2 2
Al e T S L N NSRRIt 7 5 W
T 20% 5, Tt e 4l T B | e 4 it W K AR AL AN ]
i SRR 5 T 3 XoF W 7K 238 1) 5% 1 2 /N T T BT U
B,

45
40t

< 35t
‘;%rso- .
§25- 2
20t 3
15t

5 10 15 20
BB RI%

ok

1—900°C ;2—950%C ;3—1 000°C
B 7 R AR Al &
2.5 IRERMUEHST
R T ARG GE R BRI RE AN VO % 11 25 4 =[]
A2, B 950°C B4 i T T TS e 4B 0 0% il
25% (R B4 G AR 1 HE AT SEM 407, 45 LR 8, &l
8(a).(b) NAFBAMET HHEI5 RSB & 0%

() V5B 25%

K8 Jesrfsm SEM A

(d) 5B 25%

fbed i ik SEM [, I 8 (¢) . (d) AT BLIG e
B 25% BT R SEM 1K, T ELS 2
TN 0% I, R4S % B0 AR 5L, FLB >, T LA
B FIRA BB ALLE Y, IR 8 (b) AT L 31 1 i ff
BV AT R 45 A ORE 11 I 8 45 1t 01 5 B2 8
i, WK RBR YT BUG e85l 25% 1), Heahitk
BRI AE R AR TT LB, B A2 W S A B R AL X,
PNFRZE A AN S B R IR 254 | I I o8 45 1 T 1 5 JEE
AR, WK AR A |3k -5 AT s 58 B AR 7K S5 i i 24
A —EL,

3 g

AW IE T HEAE TS HIVE T2 515 R MK T 24
GEE AL T 2 4, S B IR AL AL B T [ A %
Y, 250,

(1) K EESE I 2 T — i BT e 58 285 i 144 e A 11
B L&KM WBUG R4 T8 10% ~15% b
S5IREE R 950°C PRIRET Al 2 h, ZEBLAAET, I
135 45 1t PE REAT A 18 G Am M (he 45 35 3 1% )
MU0 FYEESR & 7K 26. 319% (0 7K B4 4 8 &
TKR 86. 62% T BUG e b B P B30T 111, & 44
JEYIRI A 100%

(2) TG R 5 2 X B 205 1 M B 1 5% ) Kk T s
SEREE . BTG IS RN B 25 R 5 PR o
JEFRIUMIEAHDC I I 2R, 5 WK R RN 7 A E 1)
KFR UG 1B i i 5 B A % Pa B s B i
WS 58 45 TR B X 4 e 1 BE R e Z AT

(3) i@t XRD F1 SEM 43 #7458 25 HLEE A 56 B
5, RN be 1 B 2R BB AR R A R
e, o Kom EE RS A, G Sio, B
KAFHE, X PR SRR R4, 76 be gl il 2
28 5 R R AL B T BT [ B R A, Rk S
Bl IR T BTG Y e b i BRIt om B T e

S Uk

(1] A0l 2580 , & £ 25, 5. SUE IR IT & 5L AR BT ik g
HREIT ] RAR T, 2024 ,44(7) :12-26.

[2] Wang Z,Li B,Liang X.Utilization of river sediment, sewage sludge
and wheat straw as the primary raw material in sintered-shale bricks
[1].Journal of Material Cycles and Waste Management, 2022, 24
(6) :2401-2415.

[3] Liang Y,Xu D,Feng P, et al.Municipal sewage sludge incineration
and its air pollution control [ J]. Journal of Cleaner Production,

2021,295.:126456.
(T#% 415 7R)



2025 F 10 B

5 #i8

=A

(1)1t o—JEH 5 MAH B Diels—Alder SIS
N N H 5 PEG-1000 A BRI, B G R T Al
i 7 3L FLAE ] TP-1000, A% 4R ALT A g 2 AE
SRR PSSR ER

(2) 2R FHAH B2 B 3L Ak v 15 2 i) 48 1 0 A% i 2L
W, Z5HRFRI, TP-1000 1R FLALFI, ZLBAa e PE
Pe T T B ZLACTRI . LAk v B X L AR P
HEBEE, WRIE N 12% 0, FLIAE W IR T i e
I 3 AN, HAE R B R RS B R
T g e B AR SR

(3) FLALF X R BUR ) 1 2= e e A i 2 5
Ma SO A3, FLAR T B 1 a2 Be 6% 4 T e UG
(AT R 5 R 8 5 B (H 2 P B R e 1 N %,
PRIt , 76 S B g b it 2 A 2L R M AN e U
“EPEREZ (RIHEA T A, DL AN TR R 72K

(4) WA i FLIR S5 AR AL IR IS T
FEABIE F1 24 PR AT B I 0 e, &5 R, i s A
I 7L YRR 1180 25 01 e A0 2 1 R AU () R e B A S B i
& AN R 70% 0 A R e KM, 5T EnE
FLIBHA EE , A i 3L RO i B8 77 24 PR BE Y i 3%
LEYRTEN

Sk

[1] Khan I, Poh B T. Natural rubber-based pressure-sensitive adhe-
sives; A review [ J ]. Journal of Polymers and the Environment,
2011,19(3) :793-811.

(L% 407 ®)

[4] Yang H,Liu Y,Bai G,et al.Solidification and utilization of water-
based drill cuttings to prepare ceramsite proppant with low-density
and high performance[ J].Petroleum Science,2022,19(5) :2314-
2325.

[5] ALk TR SOKIERG T i il 5 b S S A R REDF ST (D]
ZRFH VYRR RS ,2023.

[6] Yu G, Yao Y, Shi J, et al. The reuse of waste glass to enhance
strength during the introduction of municipal sewage sludge in shale
brick manufacturing| J ].Journal of Material Cycles and Waste Man-
agement ,2024,26(6) :3681-3698.

[7] Lv C,Wang J,Zhao P et al.Effect of red mud content on the prop-
erty of sintered brick[ J].Advanced Materials Research,2013,726/
731:2677-2680.

[8] Sun D,Sun P,Wang A et al.Establishing performance of prediction
models and optimizing preparation parameters of sintered product
based on response surface methodology[ J].Asian Journal of Chem-
istry,2014,26(5) :1501-1505.

[9] Cheng J,Shao Z,Xu T,et al.The advantages of microwave in using
engineering spoil to sinter bricks[ J].Journal of Building Engineer-

ing,2022,57 ; 104940.

ERNZF  tEGNAEILREVHI & R BB RELR PN AR - 415 -

[2] FRR VR, A — W ARFEDER R R N IRETRER UV s H il
B HERERTSE [ )] BARAE T, 2025,45(3) - 189-193.

(3] RRIRIY, DLARE, 250, 45, DO MG TR ISR 5L VR0 HS SIS S M o 90 7 0
[J]. 3L T, 2006,26(S1) ; 122-125.

[4] Yang H W H. Water-based polymers as pressure-sensitive adhe-
sives—viscoelastic guidelines[ J].Journal of Applied Polymer Sci-
ence,1995,55(4) .645-652.

(5] %% B. FL R U A HOR BERE [ 1] K8, 2007,28(5) :41-44.

[6] PEAAG, V8 A IR MR AR 76 SUBE b A0 7 FH L T OKG
$,2012,33(8) :48-50.

[7] BB, L, BIMAR, 55 BPRR His 7E 3 J R 16 2L VR KG 70) o
AR AAERRTE[ T ] P E R, 2006,15(7)  13-16.

[8] Rk, KD BT, A5 2 I 00 R P 6 T2 18 7L v 28 I
fe kil & SAERERTSEL ) ] P E A, 2012,21(8) 11922, 36.

[9] Rajesh P R,Hagood A G,Peters M A, et al.Evaluation of natural
rubber latex-based PSAs containing aliphatic hydrocarbon tackifier
dispersions with different softening points-Adhesive properties at
different conditions|[ J ].International Journal of Adhesion and Ad-
hesives,2013,41:160-170.

[10] Tobing S D,Klein A.Mechanistic studies in tackified acrylic emul-
sion pressure sensitive adhesives[ J].Journal of Applied Polymer
Science,2000,76(13) :1965-1976.

[11] F3Cus sk R 5, S840, 55 K Pk A il AR g 2L v i) o1 4 K 1vr
R[] KA A AL T, 2024,41(2) :73-76.

[12] Fink J K.12-Terpene Resins[ M].2018:403-415.

[ 137 2T 7. 5 46 485 g 20 T80 B G 1) 4 75125 : CN 201711068512. 1
[P].2018-02-23.

[14] Allenspach M, Steuer C.a-Pinene: A never-ending story[ J ].Phyto-
chemistry,2021,190.112857.

[15] Liu P, Liu X M, Saburi T, et al. Thermal stability and oxidation
characteristics of a-pinene, B-pinene and a-pinene/B-pinene mix-
ture[ J].RSC Advances,2021,11(33) :20529-20540.

[16] BN, BT, B, 5 o~ PR - SR BRE IS 5 1]
A Ak TR, 2006,40(3) :25-28.

[17] Unveren E, Giindiiz G, Cakicioglu F.Isomerization of alpha-pinene
over acid treated natural zeolite[ J].Chemical Engineering Commu-

nications ,2005,192(3) :386-404.H

[10] Huang B, Jing J,Zhu J,et al.The comparative analysis of lime burst
between sintered shale brick and light-weight sintered brick [ J].
Advanced Materials Research,2012,450/451.683-687.

(1] JSURGE, BEWESR , BEJR M, 5. GB/T 16399¢ i 1AL 43 7 i)
EITA AT ] K, 2021 (ST) :4-7.

[12] Luo L,Li K, Fu W, et al.Preparation, characteristics and mecha-
nisms of the composite sintered bricks produced from shale , sewage
sludge, coal gangue powder and iron ore tailings[ J]. Construction
and Building Materials,2020,232.:117250.

[13] Guo C,Kong J, Wang Z,et al.Study on preparation and properties
of sintered brick from multi-source solid waste [ J ]. Applied Sci-
ences,2022,12(19) :10181.

[14] Chiang K, Chien K,Hwang S.Study on the characteristics of build-
ing bricks produced from reservoir sediment[ J].Journal of Hazard-
ous Materials,2008,159(2/3) :499-504.

[15] Liu Y, Wang Z, Chen M, et al.Preparation of sintered brick from
thermal desorption residue of oily sludge and analysis of environ-
mental performance[ ] ].Construction and Building Materials, 2023,
376:130923.

[16] ZRRHE, P o, SR A0 ISR DR I B4 1 A PR 4h 1 1) e 2
Ll g ImEAUER T ] 2R 5 FI,2024,45(5) :153-160.1



