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Bl e 2 B A A RER T RV BE R L2 PUE FREEOR . (B GER Th A B BRI AERERER .
LY TARPEE 202 4 USRI IR0, FR T2 BB R KA . A SCRALIRE BB R 5 [ 4
BMSORMS &, 164589, 40Cr A1 304 BOELR R MM A2 W2, FFTF M LDl i &, SR AR
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FHALAC. R GIRICR AR, IERIH 3 AR BUR ST 45 MBS TERE RS 2. BERE . TS TEAN
M. S5RRI, 7E 45 A0 40Cr MR & T8 22 PERE R AFRY B Fe2B 2)2,  FIHIPLINAE
BT 2] DA 25 PR AR SRR 8 MR AN CRAR 1] . R 5 IR rO B s A ORI N R 1, B2
JEREEHER, 45 BT 40Cr B2 )2 2 AR VIR B )R T 304 WHYIESLIRB M= . HULIRE IS BoR AT AGE
45 B[ 92 B 3 BOBOS REFR IR 157.08 kI/mol, BT il s M2 A8 B2 8 T 24K 6~10 1, I HAE W Z AT
THRmR TR, BT B, B ZE T DM R 45 890 HCL AT H2S04 Tiffddk, {HAER
A E AL HNO3 SRS it JAR TH RIS, 25 1, HUARE BB M E AR BA AR RERERY 28 th %S, A
SEAERAMAEZE . PYRALIR PN T 2R LR AR S SR e S B
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ARSI T LRI . AL ATRARRHL . RBGRALAEMIERL T3 1™y A 2R 28 fL AL A 1 4
R, WK IR, B R R I B R A S ARIE o &, AR v, AR il
TR TGN AR, A R O AR ™, A AR R S R AR,
EVOMAE BRG], PRUEZ MR RERE G e 2k, I Th s/ N A AL g i e, ) I el e T
AR E, BRI LIAEAE, DA/ N iR
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Ll A R IR B TREBARBITE DA PR A
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T D DU S R b2 T . KoK B R Z R 37 07 A5 0N i i B A T A A R
1E C-Mn NEAE FIRIMIFEIL Cr. Mo, Nb, V. BEI0E S &, AR TR R LS50 SEW &4 H
PELEM, R HFW S d B AR A+ 2 B AR R b B il T, BFRIFR T —Fh il
IR SEW mfiBr A RIBa s . WS I TIURIERE . UM RSE . PUBrom i A U BHg 8z 3k
SGRISIEMY, Z5RFEI. KA E IR =896 MPa, HiHIIRES =965 MPa, MEff1%=22%, 0°C Fi%
-2 b0 =80), YA ehid B =110), HA REFAEREIVEICH o{HEE IR <0.5%, BEJEAR
W <6%, HAMNEF SN R/ 515 Y APLSC3 ARiE(E 20%H1 40% VA F, HA S UTR
SPASRE . ANEBT A R LR KYE APT SCS RIRFRIE, FEE G EAT AN MRS LA R Y
HMICRIGIR RIS IR, ARSI 2 PR 2 DU ST R A o B B A IR A K
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H LA TR B R DR T ARk 2 ]

WA RS, R E B B i TRz, (R BRI AT R 4 B 2 A A e aly
KR, PRI TR EE I AE TR R se B A SO T S ) 2L w5 B 28 T — Fh L I A 1
TR, SO A B 0 (R B AT 48 2B B T T . FUAS BRI A R ARG BE K S R &, D
BHA R PR FLRL (ROPATHOK B2k FERIJIER T HEARK LG, TEdZ00 8 5 e 0y LR VR H
T, FLBEORL 2 TAIA L SR B AR T 3 ZE ARSI A, T E R IR, S
WEROER . ENERIREED: 3T 22MPa FHEM 1.IMPa/min (922315 %, ¥)518E % 55MPa, 30min
JEBE 0.56MPa (<0.7MPa), /& B35 I il B AR E . I3 X e 4F e R AR B IR AT, W ASu
1141.89-1199.25m, 3% Hi#E/KIRXE 20.0MPa F 30min & /%2 0, 34575 7K 8K 25MPa K 30min J& 1) AR,
Wi R I JG 2 TRRK . RIERAK IR, HEIAMR, s R, AT I KA.

A05-06
DU i 5 -7 s S — AR BT 2L I H ARSI S BT 5T
KT 5
VU AR

[ K Pe R A0 2 43 52 MR PRIIE CCUS BERBIRLSE BN X8, AWFFE B KR EE AL . P i i
BV AKACRFE R SME RS A, BT T 10 2 B A A e v Tk oo - I 5 — S A i 8 b ) 7K 8 9 Ak
F; HEEE X STERATT. AR, R BIH-ZRMHENNE TS (90°C . 120°C il 20MPa)
MG A AR T AZK TR R R BIBRAC LA . PRI AL R R AE 4, DA BT i T s B I A AR B N i
TRVEAT WAL BI) ) 23 R B O A5 A T A R 5 R SR . ARk 1) 7K Ay P80 A B S R B Ak DX B,
HBALIREE S S 2R, 90°CHI 120°C R oAk 28d BRALIRE 2> H1K Smm A1 7mm, Bk FEd — 4
Pt 5 KA AS KA katoite & AEBRIGIONY, A0, HAgAk 28d 412 aragonite &4 5K 25.37%
1 28.18%. JZARZEHIE) a SCATHEFEALAE>200nm (R AL, (A8 2 A2 S50 0 808, [ i nfLAz
<100nm FJFLIECE . BRIGEKIEAPUESRERS R, 90, 120°C fifk 28 K 7K I A7 i Bt He 5 B2 43 31 oy
23.23MPa, 22.39MPa, HXTHIKIBFRIPURIRERA T, FIABFFRSAAIESE, RO Kef ik 5
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b TR = 2 A0 3RS S, ARG R SR th )8 H fa g, FRE T R IR A 4
HH A 0 B s B A R TR R 15~30%, % DAJRTISBRH s I 2R AL T BRRAE, R AR R A B TR
23 () _EXECATIO, B iaAR LR X, E XX — R, BRI T Cu 8L HFW IR, BiBUEMAE fEmIR
WIAJEE (SRB) MBEd, & Cu B4, JREHEL IS phid %4328 0.007 1 mm/a, 0.0239mm/a. XfJE
e AN R IE SR B KB, fES Cu SR R AR LA se AR W, 6 b o
M RER K42 Cu B R I I HRsi 2 4 SR R T AR I, 5 Cu B9 A SR
BEDI A WA e R, AR AN B P ELAE W 1 BT, A T AR e R 2 0 R AE
SRB Ff5E i HFW AR MRHE -5 J sk % | Sl BE RS MR G T L360, 265 HFW 1R4%)5,
Bz I AR DI U G B, T DR RE R I
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MHR B SHRBERAIW), OiEaER. 29558, AUURMGLEE . XA A TR
SRS g, SR T REXT NI A M. UL, AR, BT RIBE R TN Tl R K A AL BERAT
HEE S AW EDR HK i a PRS0, PAPFEI B (RhB) X—SLAUEHLGRL N B, &
T — R G CHEAE AR UiO-66/g-C3N4 BB G KL, A RIE & T Ui0-66 Y HLR BRI 27 A2 1
PAK g-C3N4 Byl WLIEma AR, DASR S YEHEAL RIS SE AL AR BTE . E 8, RIMKSGEG
Ji Ui0-66, i 1 T AR IRk il 7 22 FL g-CINA, @ R P Y I L, Sl il 4 17— AR50 AS [] EL 31
Ui0-66/g-C3N4 A FPRL. FIA X SPEATHT. R T2, RER i X BTEotig. S4h-nl WGk
JeHE (UV-Vis) SEERIPORHES M RIPERENEAT 1At AL, FEFMCR R e, ARRBUR A T
fi] LR IR - P I RGB X Bl ] B PR nT AL 7 JA K A5 RhB IR AR, 0 SR AR AT
TRGER . SLERY], 2 Ui0-66 15 g-C3IN4 fy it LK B FARRES (B L1 i), Friss kY
JCHEALIE AR AR B B d . MEAh, APREUERALRST THREIR L . SRR DA KK i 4 1 2 A2 BRI AE
BRI, R TR ARSI s R i SV A . XS RN, Il S SRR A
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SRR AT R S AR R AT SR ((GO) U MR HL T 454, S RLHRT B A AK 7 1 A 4
fE, Fe SBAMISRE T AFRI I AL AIREVE, IRREARE i) [ S Tk BE A 1 HEAR T R P (0 5, 52T
T SRR TR X =R IESRTE T NICH WIBTIRIERE: 7340, RAIKIREE G L T AR AR —
—WEERE,, B4 Ni BhE, Ni B95IABR T BERR N fi i 2% SO Jm S B RA S AT 28 S 2 i 4
O, A Nil.2Col.8(PO4)2 T =M (RH=90%) 4% 1 T 5 SAH1A4T 21 100% )AL, I HLA
A RIFRGENE, 7 65%IRE MR T, 25 200 h JE ARG R IDERERE 99% A MALRICR;  Bbohk
AT A LR DR Bl T SR A A e AR s, e YA SR A5 pH R f 7 3 32 R A A il
A, il A5 3 1 i B BL——Min-Pi/pH12-5 #£ 60%0 B IR T, Ak 4 il 5L A IR AE 24 h
NAERF 99.5%, TE 90%IIR R A P N HEALRCRABA 95%. I HLUW AT IS Mn-Pi/pH12-5 AL/ i 54
{EPEGLA Mn2+ F1 Mn3+ BOEREORFFRUE, (EdE AL 5 SRR IR R, A M T4 o AR B A A
SEPE. I TE R R BEEREE T R R AR AT .
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TR P B - T A AR AR 2 T AR e AR
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FHAS SRR A SRR EERS, PRV RER . CRIR R S5 N, R EBOREZ M E N4 &
KIYEA, WRKERIS. MM ARE 32 23 -0 5] BAHEA R o ] TEUAR e 22 il FA R
ARG M. AR U, HSEERM A I E R, W Tt i,  mTRAG SN R 23144 2R -
WA R 21, R - AR A RO T A S AR IS AR, ARSCEE > THERIEr s T, AR
CH ke 44- " RIREE N B, RO W (PEG) NHEL (AR — T RG E R AR = it — %
YERY ], AT PEG-PU mkS fEAHAS SR A ARE. M B JC 5T i f 207 2200 45 T 3 1551 1 S
PR BUR . LB PEG-PU QR 4EIE. REEHITE T PEG 70 TRXAORLEILA . Joesif . ik
PERERYSZWIRLEE, PR THE PR M 5 5 b I BER A7 SREICRE Ty, IORDRIAT SR A R 2 Y i P A0
TRENHE—2 M
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VYA TR

s, MURH v -TIAL &R RARE. I I REERR R, BB A M TR AR STk o 5 B Y
e Rk, ARG 2R B0 AN R R R TR R/ . R E R 42 y -TiAl 4, 2R
RS G B T B AT TE I B AR E JC R [ AL PR IS, R o — (AR y)
HEEARA ST IR RUIAEFEREOR, Il (LA y) —os FIZ HARPERRME, ST A A,
RERCT RS AL, KRR ROT AL 5 20 pms il Dy 2 MERE AN i R A AL PEREBEA TN L, W] T Ao
FH-RLRT-PERERIR KRR, T A3 & B PR Uk T iR 45 M A R S 3k R A A BEAE BE
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P SRR UK F R B R S B A B 5T
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VU R A7 1K=
AR T T PERORIRH ELAE 7 A f BRI U L R B S (U RE IR IV OE S . HAT, il isese iy
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HREAL T HOICR AV, BRI SR NIRRT B T, BRI S-S TP R P TH R TREIE TR
HLPERERY A ROCRNS, (H A BRZEE MR A LA VLB M R SE M. M, BREEAYS I ABEA
R AR TR A L RE YA R . RN, B S5 M i A LB AT R R AT T A BB
AROFTFER TR YE . R OIGIE . FACAT RN REERRGURAE AR A LIS APRL, il BB RS T,
JEENIT R T — RSN BRI A . BIFFTRM, BRI ASH 0 B 258 T 3R T RO RIRCR, 5
PR PR R AR e A
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SO TR RECE 61518750

VU R A7 TR

DiEEhSEM O R Bon . FE NS LG E) 2. SR, S (SRR T 7
PRTHRASIES RS, SEETH ORI . ROERARA S i 2s . A TAER SR, —
Aol fIEL 55 2RI i A e A AR B T IREOR D, SEBE TR . RIS E M A R L IR 2
T b AR A A 2 B PR T AW, RIS E R B U (20 100 AR, BRI T4
FIHCERPERE) . BETX SRR, XA 1 R B TR TR A% R . 2 IR DATRIAR B 22 4 I 25 0 Th
NI RS HERE REMA R S5 R PR B TORTT 5

A05-23
B H RO E S 2B T RE X BUA S 4R R SR
RUE =¥ S P SN : Wit
VU R AR 2

LA LPYER IR T FPEL (BFRP) R o RE . MAL-2 i@ ik B S t, i iz I T451
B, BRI T, MOT R, R, X T2 IEE BFRP BT AR BRI, A TARRRH 7 —Fh R
AT IR B U R 2 T BE XA SP B S ARE. 15, RN A A IR BR A KA

(CNTs) JIRUEZEUA 47 4E (BF) L. RJ5, FINSERSYLI ) S5EI7RENE (PEN) SEATIE AR &, 42 CNTs
148 BF H9%5149 (CSB). 5 AHA CSB 4541 BF/PEN &KL, CSB 45i#4{ifl BF/PEN &2 &4k
DU AR 4> B T 8.9%F1 12.9%. - H, CSB Z5#4IKT T BF/PEN & A EMKIEBEH{E (0.82
wt% CNTs) FIFHYH A (1.53 x 10-2 S/m, 1.12 wt% CNTs) . HUFHAIFE K4 SE S AR Sk sk 17X
BRI LR FBAIRE ), SR IS T 7.68. AL, 1% G R B0 O 5 0 LR U T,
FOR IR R ECh 0.542%/ ° C. ATARNHAZ hE BFRP # A& A 4@ S 2 pg 15 5 5 .

A05-24
03 A TVNi EEMRDEHERE B EZRARRA G TZ TP
K EGBH* . A=)
PR A7 TR

The environmental burden associated with hydraulic fracturing, particularly in terms of water consumption
and energy-intensive flowback fluid disposal, has prompted a critical examination of more sustainable treatment
methods. This study focused on the synthesis of coralline anatase TiO2/a-Ni(OH)2 particles using a hydrothermal
method to enhance photocatalytic efficiency through increased oxygen vacancies and improved visible light
absorption. Integrating this advanced catalyst into a sedimentation-membrane separation-photocatalysis treatment
sequence significantly improved the degradation of chemical oxygen demand (COD) in flowback fluids,
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achieving a 98.42% reduction within a 90-minute processing time with a Ti/Ni mass ratio of 5:5. This synergistic

approach supplanted conventional evaporation concentration and electrochemical degradation steps, representing
a 24.18% improvement over singular material catalyst systems. These findings contribute essential insights for the

refinement and optimization of external treatment protocols in shale gas fracturing operations.

A05-25
RS L B £ 4B B RS R S APRL A 2 5 T BE P BE AT 5T
KREI. AR FhiEER . BT
PR A7 TR

LA AU BF) S EM N Z [ A LS G 1855, B AR B M AR & — B DAk il 2
PR AR I B, 8 TS — A, RSO T — R AR 40K i (BNNS) L 7
B LA LR, MR TH A SRR 72 AR RN BE R M BRSO E 3. ARWF R 1T 2 T HeAE 59
BRPEFREE T4 AL B R RV M2 L5 BNNS BRIV REE, ¥F BF R E IS 51 BNNS )2,
BEREWGI T X RE L AERTARE R, 58 T BF 5SS EMIEZ MM AL G )1, #ITa4ERmS
PERR AR MR IS, MRS T2 4E2 A pphe Jr2erkne. F H, SR R ATNAK R i f B2 A B T
YERT, TEd@TH 2=t renymlny, 4T AR EEVERE . BFFREIREBI, 2 kil &) L a1 4R 31 4R
SAPPEN S SRR T T 28.28% . JZE BT VISRIESET T 25% . FES VSRR T T 27.23% . BEHIHRE
8T 43%. I, ZEAI O LA 2 4E M E R o0 T X R s A 4 s A A S 52 S R M RE RIS
HARHE T3 L.

A05-26
i B BRE G L BA SRR AT RL BT 5L
WEEZYL. AR IMEH. BOS. Bk
PR A7 TR

AW T B R RERIOAT R, BERAE R B RS PRI R B e ol R AR 5E
FAPRE, Moo BRI WS 3000 5. DIFe B Bioa i s s BEMII IR T HoA FRid i MIab
45K, AER R AP Z AT IMAT TR g5k, DAERR T AR A . SRR R SR
Wil e 7 HRA iR HRIR O A R R, @ R e R A C A, A IROTELL, BESE TS
AR ERREPU P ERE . B ABRFIREEFEEAT . 4PRRN, BRCEAIAREE S T2 Gyt ik
REAHI AR, BHCA ST T3 A R RS A TR RE R AR AR, $E TR AOL RS s A
e, SR TOREREES) . (AR AR o i 4 R S B A RS AR R T 5

A05-27
BRI B 1 X A A 4 SR B IR R AR 2 BB 52
W, ARk BEER. P, R
VU AR 2

LAY B E A 1 12 BRI S | NSk 0I5 Qe AERH . I [y 45 ek 57 51
THCREIRGH. BR1, X ECa LY R G Z IR FRI4S £ Ty RO . A TARASKAR Z
s B AL o JsoRt, AR ATAY SO 25 P B R AR SR &8, Il e 1T 2 a2 e 58
SAFEHBFRP). MIETREMG BF, 2B Hi5n BF S oy Ul m 1 61.7%, BFRP 2 55 5 LA
BASER T 38.6%. 31.8%. FLHAIIZAMEREMI SR THESE T L BUa PR I IR &Y, R A
WKy £ A APRURE 2 DA B 2T 4ERIAR G S B (3t 1 58 2 RGP A3 . AR AR ) A o R DR AY -k S
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L& REHHl & RRIEH 5
FREEIE., e, B
VYA TR

Z A& m MR LA SRR AU B VOB PERE, Anmnuie i, mr e . mR AN R 47
AL, B A 2 R B AR TN ] B 18— ZE S SRAZ Do), AT Ay A 2 s SR P AR A
T R LK i S0 (PEM) BHARZ ALAZH 24 . STt DAL U, AN 20 30l 2~ A s 1 A AL 2
BEEE B Il 7 R, Sk m 2 LI, @il SEM. ZALAPRI SR, BT
J7 REARER AU AT L L I (S R I AR | el T AR R S P RHLES A . s fLAR
AR PIMERE, DA A L. SRR, TERESIREASOR A S B —E LT, kil
EARAR NG BREERIE R, LR, SRR RIERKER . T2 )RR ShAN R —E s
DU, BEEETRBEAIE N, B2 S ILBRR B W . AP TR AHHE 1P ML he 4t 17
Al IR RE I . LA P IR LR AT PRI SRR, AR R A5 R R M REZ L & I Bd il 25 &%
PERETLALIR LA NS %

A05-29
BRAPKERERREL R/ R 6 EEMEHY 3D FTH RIEEERFR
HIAR ., mA*, xRk, Kool
VU R A7 K

AR SCHE B IR SR Joe il 22 TR 3 R ) ONT K Ay Bl R v, S Kl &7 4 (BF) #EfT =K
TR TR, W4 T RSO A S O ER BN A4 5024 15min, 30min, 45min, 60min i) 25 G 472
ke 6 AR, T 3DATEL, 4PRERW, BEEREH N, FAERmmITR SEGm, fFiR
BT E] A 60min B, LFAERIENH I TR BAERIS . il 3D T 5E5 R E A 1 E AR,
JIPEERE M G REF, IR IR B BF W AR E T BF 5JEf 6 (PA6) HEAKEIMZEAIEHIARE &
MO 12 RE, TR 45min B, 52 AREE I SR W T2 Reie T, 3D FTEIHI&ME A #
BHRLHEE FEA LE T PA6 FURIESE SRR IR T T 122.4%F1 44.6%, Sk B, @it e PA6 il A BF
A DASE BN 3D T EDRE R N AR B, AL R Ik BF R DARE— 2B /MR I R, AR g e ot
XF BF SRIACEM T S E 525 T 3D FTE R A AP 4EHY 58 PAG ST S APEHY J1241ERE, B35 T PA6 BRI
MG, XFEEae 3D 4T XA LR 4R R G E SR Hl &2 4t TH M EN 2%,

A05-30
Green part Evaluation and Sintering behavior of binder jet printed and sintered 2024Al alloy
Yuhang Qianl,xia luo*1,senlin yil,jingyu chenl,zhenyu lil,bensheng huangl,zhou fanl,chao chen2
1. Southwest Petroleum University
2. Central South University

Binder jet 3D printing (BJ3DP) of aluminum alloy allows to create complex geometries from pre-alloyed
powders without mould. However, the most difficult problems to overcome are the lack of effective binder, and
the oxide film on the surface of aluminum powder greatly hinders the sintering densification. This study focuses
on the quality of 2024Al green part printed under the different layer thickness (30, 60, 90um) and resolution
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(binder saturation) using self-designed binder. Subsequently, these green parts were debinded and liquid sintered
2h under different temperatures (580°C, 600°C, 620°C) in Ar or N2 atmosphere. Finally, the effect of sintering

temperature and atmosphere on the microstructures, relative density, shrinkage and microhardness were analyzed.

The results show that the self-designed binder has a good printability and low debinding temperature with the
viscosity of 5.6 mPas and surface tension of 28 mN/m. With the same layer thickness, the relative density of the
green part gradually increases with the increase in resolution. However, it will gradually decrease with the
increase in layer thickness at the same resolution. Overall, the layer thickness has a greater impact on the density
change of the green part than the resolution, and the highest relative density of printed part is about 60%. With the
increase in resolution at the same layer thickness, the dimensional accuracy of the green part gradually increases,
but after reaching a critical value, it will decrease instead. It mainly due to that too much binder under a critical
layer thickness will lead to a transverse penetration, resulting in decreased accuracy. More binder results in higher
compressive strength, and the highest value is 10 MPa. For the particle size of 0-30 um, the optimum printing
parameter is 30 um with resolution of 800*800, the saturation range should be 30%~70%. The relative density of
green part sintered in N2 atmosphere increases from 60% to 90%, while it increases to 74% sintered in Ar
atmosphere. The shrinkages in X-Y-Z directions are basically the same, indicating that the printed part maintains
isotropic shrinkage, which resulted from the uniform density distribution in the green part. The microstructure of
sintered part in N2 is composed of a-Al, AI2Cu and AIN, while it is a-Al and Al4Cu9 in Ar. Therefore, the
formation of AIN on the surface of Al powder is helpful for breakup of oxide film, and then promotes the
densification, and improves the microhardness above 100 HV. The carbon content before and after sintering
nearly keeps stable, which means the binder was successfully removed after sintering. To sum up, our
self-designed binder is effective to print Al alloys, and the printed part should be sintered in N2 atmosphere
because the formed AIN is helpful for densification, and the optimum sintering temperature for 2024Al is 600°C.

A05-31
A ST A AT 4 SR R 7 9 SR P N AR AR JR e
B AR . BTl
PR A7 TR

TRy AL RS B U ORI 2 K. R R TEaR A A R R AT A8
SERRAGI N AE . HRSE, BRI IIRE. R, kAR (L B e m iR AT A FE M 4 IR R D32
BRI, P AR il (7 s i T LA SIS (RUEME. W TARSE) et —2 I kb2 2 R . 38
DI SR HA SR AL R RV A s . DRI, ASSCHil & T — Rk AL B4 (RGO) /il
£i4E (BF) /RMEMG (PT) WA . RRHEIRSZIARAY BE A PLAP,  Friil & A9 & e R A R AT
WAL IEPERE, B3 R R (GF=37.26) . &tk (=0.99) | 0.1%Hf/I A2 1 I BRAH ST RS2 1 (1000
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