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Abstract

In response to the limitations of traditional chemical experiment teaching, which tends to be overly
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fundamental with insufficient application, this study has incorporated a design-oriented experimental
component into the teaching process. This approach involves providing open-ended research topics,
guiding students through literature review, experimental design, hands-on experimentation, data
analysis, and report writing. These steps aim to enhance students’ initiative, strengthen their practical
skills, and help them develop a scientific research mindset. This paper takes the design-oriented ex-
periment “Demulsification-Coagulation Pretreatment for Reducing Pollution Load in Wastewater” as
an example. By employing analytical characterization techniques such as the Zeta potential analyzer,
total organic carbon analyzer, and gas chromatography-mass spectrometry (GC-MS), the study reveals
changes in pollution load and composition during wastewater pretreatment. Through this experiment,
students deepened their understanding and application of theoretical knowledge, improved their sci-
entific research literacy, and honed their abilities to analyze and solve problems, thereby achieving
notable instructional outcomes.
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P2 Ml e A S S TRAR SEBILT 2 A SEER BE AT IR, AR G0 2 SRR 2 I B T35 95 2 A S
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2. XWAR

BB TP SEIO R H , V5K T BRI S e gy 7 L AL ER R IR EY” L R
AR 3 b R 7 555 . S AR A A DGEFIRT 7T 07 e # R H . A B SCER Bk, e Se e
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2.1 SEBOER

A DU (2~3 NN AL, TEDUE A, SRR EER IR R KRN 2557, JERE “Ril - TREE” WAL,
E AT BTS20 e S B DI AL S2 I8 SR (I 2573 B 2570 E2s), B KPS B ZEE BAr(n
Bi5 KR ZRIE 2 100 mg/L PLREGE COD B3 30%). SEUGRTAHRAC L6 Bt 7%, Wi CHRiAmTL:
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W WEPHIZFEREE d . VEARR SRR BETE, SR TR 3R SRR A 8 S B S R R A K BOE, FER AT IE
RS I R EEM, AR SE, KEIRAERIE R SR X SRS N8R AT VR4
g, SR . ALK AT A

2.2. IKEER

TKAE AR AV E 5t 25 B HEK, BURE S T 4 C IS AR A5 & SR K AW A3 ' S £y, pH {1 8.61,
MU 1020 NTU, FI A% 2 B A0 T DR S5 00 82 B [APRLAZ N IR 5 (B 1(a)) .

2.3. BRISNEE

WFL - BB 255 DAL KA PR FLF-AL, E5E71-1500 J3IHES T PAM YR I6 B AR IAF
BHEARA R, IREG AT aimER R, R T RENRE4 TARAR . Bl ALK 0.25 wiw%, i
FR4R 5 wiw%, PAM 0.1 w/w%.

1X#%: MFFit(Hach, 2100Q), pH it(Mettler Toled, FE28), Zeta Hifiz{X(Malvern Instruments, Zetasizer
Nano Z), Jt#Rfsi, COD Ml RIEHIEIA RIS A 7], CTL-12), TOC/TN {¥(Shimadzu, TOC-L
CPH/CPN 200), £L4MiAX (b st S EZ R 7], Oil 480 Y), i 5 1% Ik FH 1 (GC-MS, Agilent, 7890B/GC-
5977B/MSD).

2.4. WH - BB

WK (i % 9FEfl A) 100 ml & T 80°CoK¥ 4w, 1EIRG, BOMBLFLTIAKIEZ 150 ppm, f#HIHHE 45
LA 400 rpm $5i#E L min, BEESIRAFAEFL G TS KM & AR B Bl G TIREESCE, TEIEIR/KH 60C T, #
INARERAS 200 ppm. PAM 4 ppm, i F#EERS LL 100 rpm 22485 8E 1 min J5A4 215 B 20 min, B 3REHL
FL - VREETAC RS V5 K HR S 2O, HERRUTRR A2k, a4 e Co

2.5. R

X JER K B A B 5 5 7K AT ¥ Y 87 A AR G 2E 9 7 T e

5 Gt Fa bR A HR L 2 75 4 & (COD). B A HLIR(TOC) A4 7% & (BODs) i S5 (B35 A S A0
EYIH) . o, COD RALEJFE IS Y i, (H— B B ARA ML o 2325 B 05 1 855)
NASBEME KoCroO7 Ak, FEARB S 1E COD B ; TOC FBRE W R, . COD HEREMEMRBIEA NS
YAt s AR R N KA R A G, BRI R TR AT R R P R T S

T5 Y R FH GC-MS Kl 50 mL A% 5h 48 0.45 pm T 4EBEME RS, FIH A B HETREE, AKHL
ORI TE KR RRANOK G R AR 2 1 mL, TR T 18" CIE AR AF. GC-MS it % A DB-35 (30 m x 0.25 mm x
0.25um), & FIRIREE I E N 230°C, MS PUZAT 150°C, FHEFER: GC ¥l#h 50°C{#EF 5min &5, LL2°C/min
F2 150°C, FLL5°C/min F+4 300°C fR&%F 10 min. KA Analysis 73 #13x { Qualitative Analysis B.07.00 %}
AR EHATAENAE Y 0T, RIS 5 A HLAE R

3. &ER5vHE
3.1 SR GTRERRIENR

MR K BHE T %0, 1%FE 5 COD ${f mhik 2040 mg/L, TOC 730 mg/L, 3% 346 mg/L, & HLi5 4t
B, BeAbEr Zeta FAAE(-50.0 mV)BELLE T i AN FURL T RAE[S], AR S AL TR IR AS

TEREFLSFE, R B (1 2 R R i Se T B Pk b (& 1(b)), B B LR B0 oA 52 (e 38
15K B BRI EE AW P, COD. TOC. AW/, TEMFLAHM 150 ppm i, PL 2205 Gyt
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i 43 A P4 25 1617 mg/L. 547 mg/L. 9.8 mg/L (&1 2), XFRZE /38 20.7%. 25.1%. 95.7%. W LRI,
T P K R 05 G S PR AR 1) R BR3P AR — e IR, R A SR AR A R A ML &4
1 LB R, AR SR Y B AR A WA S A RV E AN AR, M\ Zeta HIAL
IARAL(N-50.0 mV F|-20.1 mV, UL 1A DUR LG K R Mg T, luss th B R B, 2 T
WL AL NBHES Y, ok S BRI S s K A AR B LR A

5 e
) : . 'f
. .
. - . g ® .
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Figure 1. (a) Optical microscope result of raw sample; (b) Black filamentous substance produced
during the demulsification of raw sample
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Figure 2. Pollution load after wastewater demulsification-coagulation treatment
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Table 1. Physical parameters of wastewater after demulsification-coagulation treatment
F 1. kI - RBGIEENYIIES

FFRFR JEIKIA A58 REEGIC
pH 18 8.61 8.44 7.97
MEEINTU 1020 105 5
Zeta HLA7/ImV -50.0 -20.1 -7.9

3.2. BRLARMTHIFR

M GC-MS e Hr g Bl LIS, FUKPILE 126 e - SakEA VL&Y, EEH PG 3
YRR ENLERIS . By MR AW, =3 DA St 80%, o H SR AR X & % =1 (47.92%,
W2 2) AR 5T (23.56%) 3= BEALFT L Ty A 18 A (04) Kk M I 12 AR e A P2 AR T 2 R R ARG 1R
Wy (47.92%) 2 & A S0, BARE AR, Sk 2R 26 5 95 /K b B i 4R 1k
AL FR I Bt B B . BESE )5 (9.97 %) I B i M 2 B8 /N T- W 2R, (B IR K —3 0 BRI i 5
PR IR AR, o i AR AL ) g SO0 FL AT P A

WFL - WREE TS K P A NIER SR L EIG . BER R . BEERR . R EE R,
EU B B8 I AR IR IR FE I HG DTtk DA Joid Py e T AR D e e Bt R P sk e s e i 2
Biim, o5 By e 06 T R o s B o 7 SR AT I 2 b i N g R, AR IR, O A TR
XT LA B HT JS OB AR B B AR, AR W RI, TREEE K 2 ECE VLA IR R
BTG, B 3 S /KR 22l TR EE AL 3 5 DS T e T AR /B, ] LA 31 2 2R A WL R A
KA M ERR, B 16 FiANIEEE(Cs~Co KINEINTIR) 8 FENIE(CRM) L H: Co~Cu IR R M1) . 2 FhERRZE K
S5-Ik (&) 3). XL ITH A R IR TR, BA — e, 7R SR 1 R, R LR
TR IR, AR T 2 P TR R E s e i B 25 Bk LR R B B YE, B TR, &
Gyt v AT B SRR FFUTIE LB . KEEMRITRR B /K R K, T REIE OB AR B AL, A SR
RIS AT, SIREE 0 R R SCRAR R . HaE ] 3 g5 RREL, BEK LK IR R &
FrEH 2, FHIRTEe 2 KR M 7E S (R 125 5 5 205057 PAM ZESR T4 XA £ BR . thabh, X))o
EBRAE BOTHR 15 KT G A IR, JOHE KM I C~Co KR 2 M, A B 15 /KA EEMFK7].
TR A ML R R AL 2, 51T A MBI RO R ER, [Fi e 322400 (B ) CfF
A SFER IR AR 5SROI SE R Rk, TR AR R YERE &2, BE AT R 4.

Table 2. GC-MS results for raw sample and treated samples
2. ¥& GC-MS EEI B R

e bEp et BB FERE 53 o o0 A FEXT 4%
AHLER Cs~Cu1 102~184 23.56
e C1o 170 0.99

A M 5 C10~Ci1s 154~222 9.97
i 2 Cs 84 5.81
[fiE Cs~C1o 94~150 47.92
AR Cs~Cu 74~182 33.61

B [N Co~Cu1 156~182 2.23
[EES Co~Cu1 134~182 8.05
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sk
g5 e 2% Cs 110 11.32
S Cs~Co 94~136 30.88
HHLR C3~Cu 74~182 40.13
fig 2k Co 156~182 1.70
C [l Co 134~182 1.15
g B 2% Cy 110 14.10
e Cs~Co 94~136 30.49
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Figure 3. Reduction of peak areas of major pollutants in wastewater after demulsification-coagulation treatment
Bl 3. iSKREL - SRR IR A XIS R EE R L ER

4. SKRBFHRIFHES S
4.1 BFELESH

PSR R TERGE, WA SO A D S EAR . SCIRZGTIACE . 2R DRI, REE W
TN S B I A BRAN 34T, LSRR SRIR B GO S0 T7 RN AW R . BIERIPRIN A IR, 28K 2~3
NP TP FESESR:, BARSEIN A ML AT 2 T BEasm, Mg a e . Lkt
iU, Bk 51— P ST R, 5B 2~3 H——SRIRR SAWRRE, H4H—H
Tt S ERE . FUTEREANBREENAFB BrEA R A G, AR Y5 T H MR O,
VRAE A AR g ot i) A et 2, VR R I O PP o MR I
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TORL, RIS S T B AR SCER R, TR AT B S e B, AR AR
P E B, X SERRTE K T G ST AR R 22 RS EG,  FE Bh A AR M A T B, DA
BE XS UL S 1) RR A R I B BB AR AT TE R 2 ol R, BOMAE i [v] 81 5| 55 A Se v, il -
1 AT ATERCFR B 5 /K S R I, 8 75 B A L P VR RE 2 BT P SR L 25 FE A A Y5 /K 7K TR AE,
W TS KB AR A7 e, iRl LR A i, foe i, BEBRBE LA 8%
BRs 2. TEERRMLFLAT N 25 FEMRLL IR 2 2 200 ] B EE 2 A 23 7 [ AN [R) 28 28 il 7L 770 ) e ) RPE R AL,
BH S ¥ AU 7L 77 ZEdd F e A A E A, A AN LRI bty B F PR R S T s, PRI R IR B HE SR 7
MR R 3 ARG SLI 7 RPN %, #Ulin] 5] ST R R LI5S,

TEBUF IR R AR RAER B, B0MZER ZI W8 2 A5 e 1508 Se B0 I R 4k 4 5 3 5030 7 58, AT HL
YegESEDL, ERIS S, AR AEER . Bltn. 1. ERATRELSLIGR, B BN R A A e 2
ST IR R 5 A A LR A0 O e T T LI I TSRO SR SE R . — R — R A R B LR 40
EFAE (W 10 mg/L. 20 mg/L. 30 mg/L. 40 mg/L. 50 mg/L £5), FEHH[E K S 260 (UIR e . Pidkd .
BEFEIT ] pH (%) P AT FLSLE, AR5 I8 ik I A L5 KRR I i e oSS da AR, il i AL O i
FEI PR E . 2. 7ERLFLSCIS IS AR, W o] S W s L S At 75 A2 2 380U N 8 T 2 A 2 W L
L2 75 A R ISR KA AR SR AV R T o PER L S B R AR T, /KRR S5 ) A LR, A
VEMG UREFLR R AR, KA I ZIG, B S NMERUKE, WZEEEA T FEOKE
THALFLRR) BT 2 Gl K BLFRIR), /KB HIVEIR R B 2 I T B Ao 3 TREBESRIG Hh, dn SR H I 244t /)N
M ADTIE B OL, FTRERAT A JE RSB0 2 BOT B HE IR 2% AR S50 R R SE B0 A% (AT X LU S . R sk
FUFEINEAS R, 7K A R (6 A7 R RE 7 20 AR RN, ORI IR (R HE e JIATH AR, 3 AT A K I A
BCE PR Y, DO SRR ) A S P R, 3 EORESRIR R o r BURK AR, SKHE e
YIHERA TS, ISR BRI b, 2 IETETE R ST 4. FAEX LI IR GC-MS £ ik
PR, HORM L BT ST AR S5 .

TESCIRAE G, /NA SRR A SIS, e i ARG SCRISE M 2B, MAEFRERHE. 1S .
SEITTIE RGN G . JRA LA PR S E e B & T S DI RN R DA S f
KEER, RFF/NAE B T RELE SR, HSdt— b ihe, momsAanBgE, fFHEEEs
AT FE I B A A
4.2. BEYRGH

N T A EXS URAR IS B SO FR ARG . AR AL, SR RS A RT3, A B BRRE R
NG N BIHEYERE ). BIBAME SVAERE IS T LN ERE, SRS R A0 2 5 R AT R
Whe MRS RCE 3)or, FAENNYEEL LK BRIP4 2] 7R 5T BRI AT R0
9T SRR S TRE R RS, SR AR RS ST BILAT RO, SRR iR AL 1A e s iRk
2 H

Table 3. Analysis of questionnaire survey results
3. OEPEHERI

ids=s DI AE EWIME BEEM tE p 18
1. FREE B EHE S HR B T A R S n) A8 3.22 4.35 1.13 8.75 <0.001

B 2. ZINNECHH A8 BRI E, 2.95 418 1.23 9.12 <0.001

ﬁh@ AN SIS 4 N N & N

e QEﬁT@ﬁm%%%%,&ﬂﬁmﬁ%ﬁﬁﬁ# 3.05 e . 243 <0.001
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4. IXASSEIGWUR T IR IR ALK AL R AU 1 %

3.35 4.28 0.93 721  <0.001
gy
5 5. WRIBEAERIMEN E 20 (8] 2 58 A 2 STk - 3.18 411 0.93 6.98 <0.001
NG
6. SERUXFE—NE &I E L FRA 1R 5 I B . 3.68 452 0.84 7.85 <0.001
;ia 2o T A0 e (A0 1E A S2 9633 RA Ak £ TR 2% 278 495 147 1056  <0.001
RLAEE T
e ? PAEME AL P b 7 AR S B, IR ) & 305 415 0.90 789 <0.001
9. WAEARIE LGSR, AL T &, 311 4.05 0.94 8.01 <0.001
MW@J‘ 10. fE/NHF, FRAEA Rt 5 RMESY T A1 3.85 4.45 0.60 5.87 <0.001
5k
w11 RESEMWHh IR IR H S SRS E T 3.42 4.08 0.66 5.94 <0.001

2} WU SR NIEE 27 o ada s R vd S e 7S S =K G (N eV B R ) A ¥ O B v

SRS P B 40 W AR sz ) R L, A ERTE T HeE R, Bh A B R R
5. &5

I RGERIR R A BRI, RS R A HA N E S . AR S Se A TG K

HIURTS BB AL B, SIS M AR T, A 2 oK, R AR SARL, A BRI SR A AR RE AN
BEARIE, (RIS SEAA S, MRS, BB it e, [N, JItWEHERER
JRARER N B B A5, 3 2 2 A SO0 R BN A K 5 2

&5k

(1]
(2]
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(6]

(7]
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A, HEN, TR, & 5T 5 S R e 50 vk —— s B Ak & R L 2k
B3], KAk, 2025, 40(7): 321-327.

TRBeEe, BAE, ROCIE, . OFTAOR FUR A LA IR A 2 SR HUE BUE AL ). TR, 2025, 39(2):
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NS, TR, ML, & OB LA SN B S S R R S R R R[] PR A, 2025, 11(16):
174-177.
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