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Abstract

Abstract

Chemistry is one of the selected subjects in the college entrance examination.
Under the background that the new college entrance examination is fair, scientific and
independent, the chemistry discipline pays more attention to cultivating students' core
quality of chemistry, scientific inquiry process and method, and problem-solving ability.
This paper studies chemistry in the college entrance examination inside one of the
required questions - chemical process questions. The actual chemical industry
production to simplify the chemical process problem, in the form of a flow chart will
be the main production stage, it examines the content including separation of mixtures,
removal of impurities, selection of chemical reagents, control process conditions, etc.,
involving the nature of chemical substances to master, experimental process operation,
industrial process thinking and other aspects of the ability. Chemical process problems
can not only consolidate students' understanding and application of basic knowledge,
basic concepts and basic laws of chemistry, but also enable students to have an in-depth
understanding of basic experimental operation and chemical reaction principles in
chemistry through actual industrial production situations, and better understand the
relationship among chemistry, technology, society, environment and development.
Finally realize the rapid improvement of learning ability, healthy personality,
comprehensive quality and so on.

In order to fully grasp the proposition Angle, examination content and trend of
chemical process questions in chemistry examination questions of college entrance
examination in recent years, further optimize the teaching methods and methods of high
school chemistry teachers, strengthen the guidance of students' learning methods and
strategies, and enrich the research progress of high school chemistry. This paper takes
"Analysis of chemical process Questions in College Entrance Examination in Recent
three Years under the background of New College Entrance Examination",
"Investigation and research on the teaching status of Chemical process questions",
"Exploration of teaching practice and summary of teaching strategies", and "Evaluation
of teaching practice research on chemical process questions" as research ideas. Through
literature review, text research, case analysis, interview and questionnaire, this paper
analyzes and studies the process problems of senior high school chemical industry.
Through the above exploration and practice, the following contents are finally
summarized, including: (1) Students' thinking barriers in solving chemical process
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problems; (2) Investigation and analysis of teaching status; (3) Teaching strategies for
solving chemical process problems. Among them, this paper combines the teaching
status and teaching practice results of chemical process problems, in order to solve the
current teaching problems, summarizes the following teaching suggestions: (1)
combine theory with practice, establish a suitable teaching situation, so as to cultivate
students' learning interest; (2) Pay attention to the review of basic knowledge, and
cultivate students' key ability to solve chemical process problems; (3) Emphasize the
importance of standardized answers to students and establish answer templates; (4)
Build a general model of chemical process problems in class to achieve independent
propositions. This paper also summarizes the solving strategy of chemical process
problem according to the teaching situation, including the analysis of the topic, the
analysis of the flow chart and the method of constructing the analysis model of chemical
process problem.

Based on the above research results, we can get some inspirations on the review
and preparation strategies for solving the chemical process problems. It is suggested
that senior high school teachers should: (1) clarify the examination focus, divide the
knowledge modules, and correspond with the textbook knowledge; (2) Standardize the
language expression and establish the answer template; (3) Take the content of chemical
process problems as the teaching context to build a knowledge system, and have a
deeper understanding and knowledge of chemical process problems.

Keywords: The new college entrance examination; Chemical process problem;

Teaching status; Teaching practice; Test preparation strategy
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Ko mB - EHRIFE FRMEKEGRE, AT E S8 K2 R
HRZMNH RS, BARBUTMIRES: IR B MRS R I AFH EE, Rt
FOERYE ST R P AEAE R Lk 2 A0 HOfe f R BT R B HIICAZ, B 1 X s A YR
RIERTETR, FEEAESRZ RIS EE R @ — D E N HeA i 5o T HR
FHAMWERZORIIAE BENE S, PO R H B A A s bl A 77 25
IR A SR T AN R e . BOmAE etk T i g i v, AR
LB SO AT T AR R, A i TSR B SRR AR AL e, & S EE
ARAE T TR A IR B SACL I [ L, A2 — e = BTRA, FE ML LA
I fige,  BOMAT L& 24 (3 m AT R FEVE R . SR EVERG AT, T A 5 e A 1 2 3
L PERIRTCRE ST, R IREMIRCR, hfRA AN EYE, DUARIZAEReNs B 1 ke
HE R i LR H R

1.5 ARFAZE

(1) SCHRHFFTIE

SCHRBIE FE 2R R SCHREEAT e T BB ) vk . AR, BRRIT 5 “mE .
U THRFEE” FHCPIWCSCRIEAT, ARG GMREE. Bb . W), A0 sk
BB, AT W, RSN EHSL TIRAEE A N R B A NE. HERE
HENE

(2) SCARHEFE

SCATIFF I 2 08 i A AR AN T PR R O SCAR, SR A HEAT X B 2 AT R v
AT T 2021-2023 FAEHm AN TREG, S HEATHRN ST, St
U LA 25 8 s AR B BRI [R) A, A R T 205 T R RN 22 SR B Y 98 40 #T o

(3) B REEEMURE

AR SCIE AT ) 2 1 2 TR 303 RN B AR v = 0 2 A AR A T IRRE ) B LR R AR A
P I 5, S A B KT AT R
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ViRiE A Dk, SE W8 AR A A R IR Z A F L. AW
BEUE VARSI, R BOM AT VIR, 1 AR AT 30T LR 205 IR 0 SR R AL
STRACELIRZ Jq, WRAAERATUIR, B R TP AR AR .

10
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FBrEI=F5ZHIRIEE T

2.12021 FE5E RO HT
[2021 FELEEHFHM CREAREE, BUETK) REAEY  ZHTEZ. 4

L () — R ) & D55 1 B R -

AgNO, Felsy Cl,
b v v
FUBREESTEK— B8 &l — it g 1,
v
VLIE
(D OMmANERE R E T T EN s AR TTIE SR )N, AR R
_ JERIEMMEA
@EN CL By, B8R RAE M, RMALFITERH s AR
M ELE n(Ch)/n(Feh)=1.5, EALF=¥H ;24 n(Ch)/n(Fel)>1.5, HJHMK
W 2 PR, R A .

(2) DL NalOs JJEEHI# L 772 Jalal NalOs i Hoin i & () NaHSO3,
AR PR A VAN NalOs Vi, RMNAFE] L, FiRHI4 L e RV I
TN

(3) KIEBA CuSO4 ETRIR A T AE AL Cul YTIEM T, #54EEK 1 moll, JHFER KI
/0K mol.

[T ) AR T2tk T2 A P2 R, S22 20 ) JE e B DL B4 e
WA E SR 4. SR EE SR POTRAEER. S8 EEP RAERK
FIRPL FAH A RN ) R R G R A B AT A . BEXZ R, R
BB HERR A M RE R 1A B AL, F24R EORR B AR I A e R, itk —
4GB SN R R R R Ay AR A P IR, e, MR E RGO . B, %
BURIRYE Ag s TN AR ITIE AN N R BER & SRt &R, HRIH Fe MIEEMERE
e Agh, AU TRERAAETHRT, i Ch %4 TR L.

[2021 F£E 7B W%E 5 PSSR, EERSH TiO2. SiO2w ALOs. MgO.
CaO MA S/ FexOs30 NWLMA MBI, Wi an ™ TZRAERWER. 8. 855,

11
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(NH,4),S04 K a2k
o \ “"JI:L_.:::‘. % T - g ATy
Sy P ki R | A
B ok B

B OREE PR TR
GLZKMT, AReEETHRTTEATTIE e 41 pH )L

RiE KEE  —=TiO,xH,0

LR st Fe3t | AR Mg2+ Ca2t
FAGUTER) pH 22 | 35 95 | 124
PUE5E 45 (c=1.0X 105 mol « L)) pH 32 | 47 | 11.1 | 138

[ 25 7R 41 i

(D) “fEReH, TiO2w SiOz JLPAKRAR M, AlLOsw MgO. CaO. FexOs b NHH

RIBRER SR, 5 H ALOs #5104 NH4AL(SOu), AL 5 725 .

(2) “IKEJG“PEM B pH 2178 2.0, FE<4r B Utie i & /KIZ A T pH 2 11.6,
WRURAT 42 )8 35 12 .

(3) “BEHO"H Mg> KN mol-L'',

(4) “IKIZHEFE 160 CRRIE I IE & IR

ISR S W .
(6) F“BHRO"“EHR@™ R &, iR, @b f

B i i PoKAR i 4 TiOx xH20. AT B B ik L2 ikedl, SSHrE T

TR RS

(5) “TRI 5, FEW0E A BT NE, TIO* /KMEHT H TiO2 xH20 UTiE, 1%

GESIE

U471 ACRJR T S0 T2 PR, B AL T 7 B A 7 B
TIOx xHL OB T ALY, %75 Kep BT B, BHIL, TRl A 10 T i,
TSR B BTV . BSE— BOSh TR B o 45 SRR AL M A AL, 3

Ay, UK LBCE B, BB RAE AT R, AP SRR R S R R,
AR AL EEAN N, AR AR AL AL BRER AL VAT DL iR
RBARNAR: BREEEMTIMAROKKIR, 8. 8RN TK, MIsrm

BRESEE S TK, BRERER. BRBRBEABRIR VA TOK, G RIEHE “Ak. =5
erE S BRIRES KRB ST BRI EL . BRER. SRt AR IR ¥ IUEWR:; 17 pH 2908
2.0 FIEBHINAZUKE 116, WRHPEE T W FMEE HRxTiE, RG2S

12
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AIRIRE . RIRES I EHR OMEENIITIE;  m7KIRE PRI ER M E] 160°CRRIE
TEAMEERBR RS SRR A RN, AR SRR R PSR TiOSOs, SIS EIE
A EAMEE R IRIEE TiIOSO4 W # TiOSOs BN IR M B F1& 24 m
e, ff TIOSO4 TE /KA TiO2 xH0 YIIEFIBRER, 1 U815 2 & F MR 1 B @ AN
Ti02-xH20.

2021 EFEEL THBINPEEY & (FER A V205, Cra0s. MnO) 4K 1]
— P T ERAR R
CE1: pHBURE, ZAEREZS S H Ak

(1) Cryosi TR FIER S Je 34 Jt o
(2) M FeCls ¥t % Fe(OH)s AR ML T RN o

(3) HIAF, SFEEREMPR T BB RS E1ge «(V)]5 pH R AZWE 1. 2450
HUARSEN ERRBRIE T ¢ «(V)=0.01 mol-L!, “Yi4L” TFE¥H] pH=3.0, M5B ARILiT

BRI TN PR T A ETES N GEA D
00 o Cr(IIN)
ol oMl i/ ]
& O
< R 60 pspmadsragube b oo
et 1
,5);)- ::g 40: ....................
- Y| P S G0 S i -
NEKIEE s ey SRS SR B
¢ b g S 3 5 I ohe W o ]
40 45 50 55 6.0 65 7.0
pH
&2
(4) FEET, Cr' M PtERS pH RARMKE 2. “PrE dfEHxE pH N
; TR FIE B H c(Crh) mol-L! [Kw iZflA 1x107, Cr(OH)s [
Ksp Tl 1x103°),
(5) “FAk iR AR B MnO, B 7 7 20N o
(6) “$4liidFEH NaxS:0s AE A o

[ A ] RRAE A T2 AR B T, <Pial 0 B v A A S A Bk R AR B 25 A L 1
B, PP EEEA Mo Crt, N NaOH “Uidk” &, CrfnER A h
Cr(OH); UL, JEW B HEEEH MnSOs, NI NaxS:03 FEIF B 1k pH BRK, A
b S SRS E A, Cr(OH) ke fa 2E i Cro0s, “Hefb” SPIRA I N BT 5 FE S
N: Mn?™+H,0,+20H=MnO>+2H,0, ¥t/ #r il fil

13
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222022 F5E XTI IT

[2022 L EH MR 2 0 & 5P S e R RRE . BRFREE ATt 2258 i 4%
FEE I F BN ZnCOs, A=A SiO2 BLA Ca. Mg. Fe. Cu ZEML &Y. Hifil&
AR T

P H,S0, X KMnO, Zn¥} HF

bbb uew o bowew b wew
K| || | VEpH=5| @ |Fik| @ |5tk | @ |BiF5EE| @

g | ik i PoR) otk
; } } |
wEO  BEQ BB  kEd
ZnSO,.7H,0
A BT B BT R A A VA R AR B T 3R
%‘% Fe3t 7n2t Cu2t Fe2t Mg2+

Ky | 40103 6.7x1017 [2.2x102° | 8.0x1071¢ | 1.8x10!!

(1) ZEEEHRE A A B AL 22 D RE 50
(2) N7 REFRRIICR, A R i

(3) MAWIFR X HVETR pH=5, s B5E A X 2 (EFRS).
A.NH;-H,0 B.Ca(OH), C.NaOH
TEAEOR FERS 2 . .

(4) A 80~90 °CHIEHOH 7 #HIMAIEE KMnO,4 zﬁﬂ?ﬁi/\&ﬁi I8, JEEQ
HH MnOy, %0 MBS T RN
(5) JEHFINEERT B H 172
(6) JEBE @D 5K HaSO4 2 AT LLEE T HF FEIE R A, ITHTH@'JE’JE'J#%

H
e

[7347] Hiﬁﬁﬂﬁﬁmﬁﬁﬁfb}”i ZnO. COz, Ca. Mg. Fe. Cu &ML & Yks
e CaOv MgO. FesOs4n CuO, SiOx ARAERMN; X5 H HaSO4 FRE, ZnO. CaO.
MgO. Fe304. CuO ZAEJy ZnSO4. CaSOs. MgSOs. FeSOs. Fea(SOs)3+ CuSOs, CaSOy -
SiOx NG TR, SIEBRRIEEQ, 480 H0, IEEKG Fe 8N FETRIEM,
I\ Ca(OH), ¥ pH, #15%] CaSOs. Ca(OH), LK Fe(OH)s JTIE ML 1 I
@, FrUEIER@TEH Zn*'. Cu?'s Mg* Kb & Ca*'e JRJE H TIER @ Zn Ky 80
N AH Cu? R AR S N A R LS, D i A B TR S SR AR 1 Zn K. B
PEFEE M@ HE (M, 4B CaFa. MgFa UiE, #F— 3l e s, Jemh &
J& & 1 ZnSO4 fi J& % N ZnSO4-TH20 .

14
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[2022 EER 2K IHETE B8 E H EESH PbSOss PbO2. PbO I Pb, it
H/b&E Ba. Fe. Al FEaE M. N T RIS oM AT, @il T RRE
SEILA T B

N32C03 CH3COOH N H202

NaOH

— SRV AR R IR AR B R

HETE HLE 5T PbSO4 PbCO; BaSO; BaCO;

Ksp 2.5%108 7.4x10°14 1.1x10-10 2.6x10°
—EFMT, —SERAAENUTIEN ) pH i1 &

ERAENY) Fe(OH); Fe(OH), Al(OH); Pb(OH),

FHEVTIER) pH 2.3 6.8 3.5 7.2

SEAYTVE I pH 3.2 8.3 4.6 9.1
EERIIEESE
(1) £E “Pitin” rf PbSOa F AL S S B 1 I FE A - H

TTUVE VA ff 117 JHE i B % NaxCOs 1) JRL A .
(2) 78 “Wmi” o, A NaxCO; AeefH4E * BaSO4 5E &4k, R

=]
e o

(3) £ “TIRIR” ", BRIIABESER (CH3COOH), EZEIA Ha0z.

(1) BEME H00 B AL & T ;

(i) H:0, 12 3 7 4 )8 Pb 7E & R 1 ¥ 1k JN(CH3COO0)Pb, FH 1k % J5 #2 5
?'\j .

(iii) H,0, tHAEfH PbO2 31k N(CH3COO0),Pb, H.0x HIfEH o

(4) “TRIZ” JGVETI pH 2108 4.9, 8B F E sy =2

(5) “Yiy” HIIEmt, S&RE A o

[t ] VB & Y s K BB A . 8. — SR E DA R A 5, b ah,
EH—E RN 2. BIERNAADRMER N, Bk, RAEEF A NaxCOos i
WCLIE R B H 8, SRS BREWR O BRIR AT, AT I IR AR, Mo BE1E
FIFE A M CH3COOH. H202 #HTIRIR , H202 K1 Fer i8N Fe'* BRIZG

15
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VAR pH 214 4.9, SRJGHRE A SR AL 10 48 P 35 TR B A S IV E 1K) pH it mT A
SR JEEF A AOH): « Fe(OH)s, #E— DR IHTILJEsRIE, 4k8:nE 38
VNN NaOH ¥ VAT 76 SR M UTiE R v o A 428 PH 25 T 2 34 Na*fill Ba?*,
5 PR R T S A o — A Y

[2022 SEFTEFEERE|H 76 T AR LR BRI S K. Sitkay b g
Fe* 'l Cu?*4, XL ALBR AR A an A o

NaOH % i1 15 pH=1.5 NaOH HO
LB%%JZZ‘:&ﬂ DLE |—>-| SOt - \ y oy e ﬂ EH —-—| ik }l—> ) —»Na,SnO4

|

1 it
Sn 5 Si [AljE, 25°CH ARSI ERUILEK

(A= Sn(OH)s (B Sn0,-2H,0) Fe(OH); | Cu(OH),
R 1 0x10°56 4x10738 2.5x1020

(1) NaSnOs H[Fi
@77 NaSnOs 1 Sn L& &
QiR T2 AT HM HNOs 55 Sn N A R Sn**, HIGAERAERG, A BB AR &5
&, R Sn? 54K A Sn0s-xH20.
OULVE 1 T ZE 72 SnO2, FERENT, 5 NaOH R MHMLFETEA N
(2) JEW 1 b3
OUER 1+ F> A Co* IR FEAIT, N NaOH ¥, B3 EIMviies
@25°CH}, AT Co¥PliE e 4, TR AR HWEAKRT _ mol-L'.
(3) =R e
FREG™ §h 1.5g, HKEIRBREM, 1€ COfRY T, JH Al - Sn*id 5N Sn?,
FH 0.1molL™! KIOs A iE MR &,  LAVERMEFR =751 & A2 IO 8 i e I, 4
I 6 KIO3 ¥ 20.00 mL.
@ ZAABPIME AN, PAELBETFREAFERN .
@ fH Sn MR ESEHN %
(4] BHRRSRRAE vl AN, R85 R I S A A AT VR VA pH R 1.5,
KGR —E A, IEE SIS A SR T BT HIIER 1 AUTEE 1 Mt
VE 1A S BN Pk — S BNV GIRIN G, KR W IE1S 2B RNV,

16
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VIR 76 R 55 AR B RN -
232023 F5ERTAAT

[2023 FL£EHEFH|BaTiO; & —FiEHEMEL. BL BaSOs NERL, KA T 512k n
%Ktk BaTiOs.

TiCl,
K i A& (NH,),C,0,

BaSO,
SRR —] frpe bR me o s & ol am ] vor oo F-BaTio,
RS

Cco itk BER T

[F] 1 %) ) /i
(1) “Rske” SLIRA RN 1 E B 2 .

(2) “Rake” JlE A4 BaCl 5+ 7KK BaS M T/KI CaS. “¥RHL”
I 2 S NI S 5 T e O .

(3) “PRAb” IR FH HIEE =2 (AR S,

a. MilRlR b. WHEE c. KR d. B8R

(4) RGN EEABRIRI, B2 » HF 2
(5) “Ytig” S A K BaTiO(C204): L 5 FE RN .

(6) “IITfR” A BRMPIREREREL, P24 neo2: Mo .

(53] HRARFIE (5 S AT A, BaSO45id & ors A i & 1 A 75 i T 55
133 CO. BaCl. Ziti /KM BaS A T /K1) CaS; HEL /KRG IE, A
ik A CaS, JEWR A BaCla 1 BaS; JERARR G H4n4h f53 3 BaCl éifA: BaCl
m R IE T K G, TN TiCls FI(NH4)2C204 5 8 B 1 78 43 UL UE 18 2 BaTiO(C204)2;
BaTiO(C204), & #4745 2 BaTiOs.

[2023 4 H 2.3 LiMnO4 15— Fogr BUA ey IEARA B2 372 59F . SR
(MnCO3, /b Si. Fe. Ni. AlZEtE) il LiMnaO4 FITRFELN R

Wil MnO, 47 KH, Bj:s BTREE CO,#10,
| t
R AR iﬁpH%’/’—, SrEds > AR > MnO, — B%%E —LiMn,0,
IEE PR PR

17
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Ul Kop[Fe(OH)]=2.8%10%%, K [AI(OH)3]=1.3x107, Kyp[Ni(OH)2]=5.5%10"'°,
[A] 25 %71 ] s«

(D BREREN E BRI Z RN o NIEEIEN EE, WRAUN R
Jiti (161,

(2) A& MnO, HI{EH 2 o AEAEH H.0: BH4C MnO2, JR K2

(3) B0 RPITERE, RMNAEFIEH pH=4, LK c(Fe*H)= mol-L'; Ffa
IRAETE pHT, BERNEES T2 .

(4) MA/>&E BaS WiFR2: Ni*, A ITTEH .

(5) TEHfRME, KA MR ST AR o BEFE HAR IR BFEAT
FPRFF MR R ARE , NAN W o FLMR IR AT AE IR S AR AR o

(6) MBkezsdr, AR LiMnaOg N 4L 25 7 FE a2 .

(ot Y REAZE A, R BT RN T, IABRA MnO,, w4 [ 4
WIENE T, KRB Fe Niv Al 0RO B 723 [, AW
MnO, 1] ELRHE U ) Fe* A0 Fe*'s BEJE R pH I #2056 T 7, B, R¥EC
JH 2K A2 H I = A S A YDV AR RT LU IR h ) AP UTRE H R BEJS N BaS, W]
LURHE R 1 N2 0E, /3 BIMNRIERE Ryl & A KEM Mo, RILERE T
R LR, 53] MnO2, 4 MnO» 5 R B IL [RIMBUGE A5 21 5 274 LiMn2Os.

[2023 EEFEHIRB| LM KK (FES Na's Mg, Lit. Cl' SOL Rl ERARSS)
SEH IR E BRI . — M DA s KON SRR I B BR BRI 48 LiaCOs B T ETAZW R -

R HCIA 4k K é@sz W FINa,COTA T
zw i 7J<J;}§ Hﬂ%ﬁiﬂ T *%Tu -{@rx %zfﬁ ] Yﬁfﬂ |
LIRS Bk pEET EED NaCl Li,CO;,

CLA: HIET, Ksp(LixCO3)=2.2x107, FHICAL G0 ¥ it 15 5 I 1) O% R an B
7No

18
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—120F LiCl

o

= 80r

j=11]

8 40_

) LiOH
.i,ﬂ 12.,5 T 7
Z1sp Li,CO,
& 1or :
e 0‘5 | 1 1 | 1 ]

(5] 5 471 ) R

(1) Z A ) B(OH)s FE/K HAEAE - : B(OH)s+H0=—H+[B(OH)4]" (il
T, Ka=1072%); B(OH); 5 NaOH ¥ < B 1] fill % Wi 7> NaxBsOs(OH)4-8H20. H I T,
7£0.1 mol- LM WHb ¥V 5 [B4Os(OH)a > 7K AL RS54 1 1F B34k 1) B(OH)3 A1 [B(OH 4]
KRR NS TN, I pH=_

(2) BTN FEZR 2 RO FRIUSER A LU B EN 2.0 mol LY,
TR TREHINE AR COMWRERAEHITE mol- L LAF . 2 Wil 5 BTk i,
BRICIEER HCLAE, ¥ M E GE2EED.

(3 BHmE MR TEEXROERRAE  , SRS TIEE
TEM BTG, BSE

(4] BmARRT A, KK A SRER AN 508, AT IR &k de 4 i )5 13 3
anf, ZAETEE Nats Lits Cly SO« 5%, Kike)a A HCL AUk Beid/KiZ faid i,
PER RN AE A KGR AR DTVE , AR RAR T IR B/ N2 CaSOas, JUIEEETH) 32 285y
9 CaSOs; HT CaSO4 i T-7K, AEHITAAS B F N alms XA slopile,  WIgEE I,
CaCOs3; FEHINFTRIEMAEE X G, ifSElakanst . IR BI&Ew, wkai)s
FIE N NaxCOs iR 15 3] LiaCOs.

24 LTRGBS B4

GaoinE=FrNeEPE. o6& S m%EE TR TRAES, 7LIE
HA gLz Al . WAL TR R AR 2R 5 25 sl i, W R BT RIEE
P ais, SRR RS . SRR TR SR s SR W B R
REJFER, EFE SN R DTSV IR T KT L B TR
TN KIS BT R B, FL%. Kspo JBIEAMHT, ATLAREIE JLAEAL TiAE
R B2 S A IS R T AR, Wik 2-1 FioR.
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R 2-1 3 J LR AR AR 5 R AT i DU 2% A A
Table 2-1 Distribution of main examination points and examination frequency of chemical process

questions in recent years

B i
LINTRIR R A 3R B o iy =7
2. 5206 S Mk % A
3. R R i R B e B T T R S 2L
ASaHEY B B RE g7
5. B b s R AL A U sk S B A {171
6.7 B PRl AE KA AT
7.0 )5 By e A
8. it e It —AE H N GEFE A& BT AT
9. AL A o M I {71
10.Ksp B2 BRF W IT0E 2 75 A B S

WA E S FEEER, M T2EmE, A RSN MR %
SERfRE )RR E R E WAL TARE . & WA 5 IR S ARE R 7 5
R TS SR B 2 B U7V AR IR B pH SRR PRI L. = KAp IS B AE T A0
FIHE. AN RS K, A TR A% O R IR A TR EL, TR “ it
TR =W M= T TR, o i AL TR R,
B B AL TS R SR AL, “ =17 R EE . I EVEATE
i

W15 N A TR R 1 A& BIRIEARS 28k, XA RE I E
IR, OFEEBAR: HTRESEEER. EERR, &E2EmO bR ELE
BH, 2PRERIER. BTRELR, AR BHNERNER. OFIRTHEE
71 AUAE S B A A A 22 B A RR AL 22 Atk R B AR AR, I 7R E R
FERSEAE P IE BRI 255 TR M o 7R 0 A RN IR BEAT BEAR A0 N A 2R b, (5328 —
=, @M TFELAEGETE R 2Pl TR K& — P EA R H R 5
AANE DL, AE BN HEE > i R SR A% s K YRR e I AR HERERE Jy, AT
R B TIRAE A AL B 5 kR, DAIK 3 1 H. v 8 (1 H 1

MRAE LR i B A R T A 8 H SN 4h & AR sk b, KA A AR

20
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TEZ AR B IR R AL T ik, B EEREA RSB, ARk R
SHERANR, B G| SRR R B, BE IR A (R R S R R HERE S AT g
WL SR, B RN B TR UK R ST B PR R R PR ) ¢ —
27 <P “ P37,

Wrm % E 5 N TR RE S R EHE. BEELFNARKRE, (LT
B R, SR E TR EVIRHEN T . PR ORI A ) S U Ak PR
FERHr B R IRAT E 25 5 7 b /5 SROR IR R N A A A% 05 30, R R & B T
TR, D9 oK (5 R SR A BEARAIE i AR N A i 4% o
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55 3 AL TR AECEDUIR K &0 T

B3 F U TRIEAHFIIRFENRR

3.1 EEEER
3.1.1 AEE

TR A TR R A AT ELAR o
3.1.2 IAEXR

A ) BT X RIRIHE N — 48 5 ) B = R AT W AR 2, Ao a7 g )1
BEMH T Em = ER NI, 132 Ak T 7B AL, RRE SO s
12543, KA 2R N 94.70 %.

3.1.3 BAERY
1.2 4 2 STk T FRE S D
2. B AN TR S Bl
A TR AR AR AR e 77
4 FRAL TR R B [

314 BAELER SR

* 3-1 AR I TIRAR R

Table 3-1 Students' interest in learning chemical process problems

i) 75 I
o L TS ? 1R N — AN
RA = ) =
’ 25.6 % 57.6 % 16.8 %
N o BEsS TIPS LTRSS
2405 RSB S S5 E R ?
24.0 % 54.4% 21.6 %
| 2 ﬁ% TR
3R ECIE I AL, R AT S I, 2
192 % 67.2 % 13.6 %

23
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AW
A

Fii 5K PR
B 3-1 272 2L TR AR AL D% R
Figure 3-1 Students' interest in learning chemical process problems
R 3-1 5 3-1 FEEE T IS H S5 2: PIADBER A0 22 O R
N, pEAERENS S5EA G, S 8RS BRI A & . 48R,
i EPUTAE RS RE T, AL EERNEEAEE, AN 0ERE S 5.

*® 32 A TR £t

Table 3-2 Students' initiative in learning chemical process problems

i) 50 eI
1AL TR R 2] ] ASES E EA NS T
PR B A REBR )2 38.4 % 52.8 % 8.8 %
2AREAR AL T AE g B/R 2 55
TSR N > g 2 28.8 % 59.2 % 12.0 %
3ARMIFTALER AL TORARM  BEEER, MHToMTRSSS  RBEEE, ERDOEE JLTPAE
HERL? 24.8 % 64.8 % 10.4 %

o) AL TE hnsRE > FRRAALIE

K 32 2 S iR AR Y 3 B

Figure 3-2 Students' initiative in learning chemical process problems
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WL 3-2 5 3-2 ARl IS I EEe 2 PIANBER SR AR AL LR
AR AR a2 ) U, 48 K o0 [F) A A s AR TR AR, (EREX T 5 RE e M JE 5 A
IR ) LU BRI, B 2 B3R 2 AN [R] 7 2 1 — e ARk . e ah, AT )
RN R R, (HIRAE . &G, A TR A A B3
AR EOR, (EXHEE R S BANIE FIE AN BIAL, IR 2 D RERA TR, A ¥ S35k
Abo MR¥ECAESEOL, REBOTRBD AR B, AR EREE LS L A
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Table 3-3 Students' ability to solve chemical process problems
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Figure 3-3 Students' ability to solve chemical process problems
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Table 3-4 Obstacles for students to solve chemical process problems
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Figure 3-4 Obstacles for students to solve chemical process problems
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Table 3-5 Statistics of pre-test data
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Figure 3-5 Statistical chart of pre-test data: (a) average score; (b) The average time taken; (c) Performance
evaluation
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Table 3-6 Interview records
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Table 3-8 Interview content records

Weis VIR

Tl KRITRERE ST, BRI HTRET)
T2 THERETT, AR REES ), (5 B AE
AT MR HIFRILRE Sy, RN IR AR AR -

b TR E VIR FIR . AL S B R 3

T4 BEERERT, LRRTAE, AR ERE
TS iz AL EERR R RSBl 267 ) R E

T6 FEEER ArEE. BaEEr6E

LR 3-8 VTR A AT A8 2 AE 07 ) A 3808 3 A 9 A A A ) £
EvERGR, FENFIRRE VSR, A5 07 R RE /) 2R m, R B
X s AL i B RE S R, SR AR R S ST S RAERE T 5 BB )
Praess. BRS e IS R B LRSS, SR IEM I R, (TR
I RIEANGRGHE

)RR 4. FEFCAE RS, ARUON AR AL TR Y Y ks 22 ?

% 39 RN IR
Table 3-9 Interview content records

e Em VRN

Tl M2 TSR 5 A A 8 20 B HE W7 777 1]

T2 FERERRAILIE, YR EAL 7 A A IERA B A7 7 i

T3 R A U5 BB A, AR MR A RS B T )l

T4 EAMERER, CrREAEE, A HEAE

TS X5 S TR P A (1 R g R A B AN 38 7

T6 SLnbes, TR — € MHF AR AL, AERAE LA

LR 3-9 TR A AT LU RIS 0T IR UM AT Ay A A i As
AAFAE ORI R, A ) O Pk 2 SR AR, 00 80 i AR = A R i 7 553 ) )
R,y T E A A SR R R A AR PR G R I . RSR A, IX A AR RE R H T
PR PEAFAE R TR, SETT SEERRIRNAR, PR ST IR MR LR B, A R AR

34




55 3 AL TR AECEDUIR K &0 T

&
o

PR St SFRE32 A LIRS S A2 S0 T WA 3
S ?

% 3-10 VRN FILFE
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Table 4-1 Teaching ideas from "Bauxite to aluminum"
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Figure 4-1 Teaching idea of chemical production situation
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AITEUR S B SR BT — M Re Lk 2 AR TR ). E3h 2= I U . et g e T
TR S IR N T, b AR B R AR RN, ARGk A .
FUEER . FFedtmt, bSO PMEL TSNS, K5, E¥ELd—

40



5 4 B R SCBAR R A SR L A

ERS BRG)GE, 51 S54RI TR SR % &7 BAR: &, 5 WA A
R REEE TG, RS B2 AR i T — M LR R R AR A, A gl A g Ak TR U LY
A .

=

EE
& &

4.3 1L TR 2R a0 AR R SR B

1. RSk 1 o3 Hr
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2. ke E oA

AR B — ook i e B = AN B LR, 05 SRR AL BE L AR SR A 22 S B AT
VB oy B3R 2. shAh, WAL I A = SRR Ak, E HAn i & &l
Poi e LR R I GE A MM . E e, BRHR AR DL ERAE A miR B . IR TE
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2, g, AW, KRG AR T WA BIRAUTL, XA TR e
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£ 5 F W IRIEFHF LB RN

S DU BT o S A2 1) ) 6 18 2 A0 0T U7 1k 4 SR S W R A 0 R A AR ) 2
i [ R, R SR ) R SE R AR U AR S 0 i A R s SRS AL TR R R %
FEE . AFREET AT SRR S & B @B IR IR, IR
ANFLE R A AT RIS R EEAT 19RO

5.1 FEKFRMINI

5.1.1 IR

SO RAMTIAAR A PE B BE, SRR (B A2
W R N CBIRHOEIRE . BAcll, A, AT S ).

512 fRZTE

WEFR AR AT Hp A PR HEAR I, B B 07 S AT Hes
R RAE, RUER AN,

5.1.3 fts#HR

s (R AEAIEYIH FeS) AJEEHIEL MnO, i) T. 2 F2 a0 & -

BALEA  H,S0, MnO, Ca(OH), MnF, NH,HCO; H,S0,

S S T S SN SN |

i R ]l o FipH aw| e [ mE A
g | ek =i AL e [ 4 Moco, [ Mnso, [ MO

O “VRERFE” M4 MnSO4. FerOs. FeO. MgO. ALOs
Q%@ BT UUER pH WL TR,

él‘z\}% I%‘% FeS+ Fez+ A13+ Mn2+
VAR PRI 1.8 6.8 4.0 7.5
SEARVTIE 3.2 8.0 5.0 8.4

(1 B SR ERA RN E TR
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(2) kiR “SHfb” PRESE_, RIKiER .

(3) “Vd pHBREER” B, ARUTER pHYEE N___ 5 “GAERA” HRREME
THN_

(4) “PHiks sh R AR BB 24 A H 5 1) Mn?t ] NH4HCO; #4546 MnCO; JTHE i
2

(5) 11 HEHAE MnSO4 il £ MnO2 I, BHRRR A BANRAE R IEIR
FIHPERE MnO2 A0S

(o3 Y St A aRn —Ekibe, RBAFBIMPAE MnSOs. FerOs. FeO.
ALO; fl MgO, SRR TN HaSOs, IR A Mn?', Fe?'\ Fe*'. Mg?
TRUAPT, dkgzm L AmA MOy, HE K Fer AN FeI, FINABIEY R
¥ Fe¥'s AP NTTIRE T2, ARG MnF2 5 Ca?'s Mg AL NTlie e 2, &
JERRT SRS T HA Mn?', 32 NHsHCOs 53] MnCOs JT3E, JIA HaSO4
fEH AL A MnSOL VAR, 5 B LR MnSO4 A RS 2 MnO, A1 H2SO4, 7 H2S04
F1 MnO2 7] LA EAJEHFI A -

5.1.4 ZEBoth

(D /N W IROZ B T HREAPBEHHR, RERDV2AEZRETEE, Rl
NRE R e A P AR Oy TR, DTS AR A SR T OB AR R
TR @AM RD, SRR

(2) /NEUH IR RO D B2 A H AN ™18, WA AT 20K, & “ANAT
LA” “AfE” 55, @2mtillEdl. “ IR A RERR L. IRMNBEASEE, Hll
WA B2 A5 M AR AT 4 75 BAA AL . O 2 BRI A2 H DT a A A8 Xl &
AE YRR TIRER R 5

(3) /NEUE WARR O H0 ZAEN BUE A 5,00 7.5 2 B HUE EIEIRAE BUTE pH
U RIEAEUER . X TIPS H: 5.0~7.5, H&y 1 AAES, W T b
PSRN E B R R T AT RAERNTIRE, B 5.0~75 R rgieE 2
5.0<pH<7.5 R HHE R, QRRENE TENEEEH-

(4) /N WA RO R TR . AR SR KA1, 5545 i MnCOs
BT . @R AREARE ML Tlr, HERCyRE. ORERS HITMNE 77
. @RAZH H' 5 HCOs 45 &4 i COr i i . X &4 e A A . JLPAR
RTINS

(5) /N WARROZ BRI AR SN A OHBC T Hifar o ARBEAEIASTN 22— A
BVEI I . @R RS N A MnSOs A, FL-FAHRSE . Qa5 S R
BRE, BRI, SRS PRIV B . DL TIRAR R R Ak R AN
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IR . @7 T EOR S A AR R E ik a2 2

SR, AR TR R A R R R AR A — S AR i L, (H
£ ENEMEBE G, AN TR RENEE BB EZE R, AHE
SRATARMEOE, OB A RS H R, RN At A A, TR WA IR
A0 S 4 R RE S AR S DAEOH

5.1.5 BN RFMN

R 5-1 ARNEAE SR

Table 5-1 Statistics of pre - and post-test data

e
G-I AR B ¥t

iR J& I iR Je

RE2kix 8.88 10.63 8.91 11.88
ZFRRE (min) 14.81 13.55 14.92 13.40
MAHF (13.5-1543) (%) 8 16 2 18
RIFE (12-154) (%) 24 50 26 68
KM Z (9-1543) (%) 76 98 78 98

12.5
12.0—_
11.5 —
11.0—_

X 1057

10. 0

A-HITI B-piil] A-JE I B-JE il
5-1 A B IR LIRS TIN5 /5 B B )72 73 A2 AL I
Figure 5-1 Change chart of average scores in pre-test and post-test stages of chemical process questions of

class A and Class B
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Kl 5-1 4 A, B PEAL TR RTINS 5 B B R~ 3 20 A0 ], BT %0 2 Fiil
BB, T SEE ININITLG, R AES A RS s IR, F8 A iS5 B JiE
A TR, KRR Z, FHHAT — NIRRT, BAR 9 4 (HESH)
55 %liti)s [N PIANBERF3 00 2 AR/, OB AN BRI [R] 272 57 ) K 22 AN K
TSRS, A YIS B PEEM TR EIE BERS, HR AYEEAT 175
gy, BYEETFT 297 73, RFZRFyngs 7SRRI SiEH, H2 B MG
WP iz T A BE (1.25 43D, s i oodt i 5 AT B LB B T 47 X
BRI,

16

- 1o H 15 (min)

A=l B i A=Jeim B-Jm il

52 A B LA TIAURE A5 e R B 25 T 44 P A A2 A 1

Figure 5-2 Changes in the average time of chemical process questions in the pre-test and post-test stages of

class A and Class B
K 5-2 9 A B IEAL iR i - i I B 2 r A Y AL ], d T T
A. B PHERTIRT B (14.85min) A0 TR i /RTINS 29 B v T Jm B B (13.47min),
HRTI BT BOE 2 5B B, Ay B WEEZ AIRZ A N Z 73 A KR, SRR E
72 R AL 2 A TR 27 31 6 0 22 AN K HLAR AL ARG B e AR ZK O (AT i W] 17 0
FRWIIR R EE ST 5, AWrECR R AT SR N8R
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PR %)

=t
il

4

K

AT B-AT A-JE B-Jaill

K 5-3 79 Av B UL iR AE A AT -5 Je B B G4 1B
Figure 5-3 shows the evaluation chart of the pre-test and post-test stages of chemical process problems of
class A and Class B

Kl 5-3 9 A. B B T ARl 5 Ja B BUR RS 1, W Rl AL B
YERTIP BAEA TR AV BRI R 2R (AYE: 8 %; BHE: 2 %), {H2
WL HEESEEE, Ay B IHEE I BOAE AL DA B LTS 22 Rl (A B
16 %; B H: 18 %) fERTMPIE, A, B PR THURAUE L1 R IR B2
5 (APE: 24%; BHE: 26%), WEFFELEIG, A BWILEE BAEL TR S
AL RIFRZEA B ZERIRTT (A PEHRTT: 26 %: B ¥HIRT: 32 %), HAWEZER
(A¥E: 50 %; BHE: 68 %). {EXAEHITIN, A B MILEMHE (98 %) LTI
AT 3 RA% AR iy TRIMB B (77 %A, ABZ TG 2 mrill b Bod 2 J5 MR B,
A. B PHHEZ [AJ I SAK 72 e AN Ko 3 i W A AN i M PR R 02 ST SRS 57 58, g
IR AR e 22 AR S 1RO, (BRI AT RCRAE S A2 5 2 AR [ ROR AN B 8

52 FEBRITFN

SCUR HIE -5 0 IR BIE f) 22 2E 20 5 o SE BRI 3 Jm #R R IA B B RE A R, R ARk
fifi b, BAS O WBEE R, FESCIGPER) S AR IR E R . FLRE PR T EEARI vtk
TRARRR 73 J b, BWOT IR IR R s, IR S S RIS M. FOoRITE
TARPAEAE MR TR R, JF a2 R I (e W B 4 e, 78U H 1) 76 B W B 1 92
= o

SCER YR R A A1PPO B 205 BB G RE I Pk R 58, T DA Aot b e @l . oy
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Prmfe ERE S BT RE RS, AR BOVS MO A A E S . RRIER e
BRI, AUDCRAL I R RN 2 S mli BR PR IR AR, IE A AR S A 1
B &5 R T 0 A [ R BE 7 o X6 S it R DR AT B A R N P 0 2kt b, e A
P = WHAEHAE I AWIG R, WSS TS B il T ie B A2 Ak
(1 H FIA A B0, A2 B A HERE 23 B i A rh HL A ™1 (0 R R AT — 58 1 AR HE B AR
J1. BREJREAN M TIRAEMFAL T2k ok,  DLERIIEA B MO ) H o

5.3 HUPIEM

1. UM H J P

AT Ox 2 A KT I AN I R e, B SRR TS T RCR
FRES & H AT D RURE A ) S DORAN AR SCHE I e kmss, A2 B0 I e, &
FEEL LA

(D HERERE B N, MG S RIA . FFRBml, KA Ay 5 1R
B FAE R, TEIR A R R K QBRI ARAS BRI A AL AR AN R . I
b, A S A AR B R R TR AL S R AN Y . L B Ta] ) s g
B, SIS PRI A B T an B o d N R RE T, o EL R RV A T
o RTLEXTREHEL, K222 p s e e A P de i, (ER MR TEIR I Hr & AL
IUE=

(2) MEFIRA R . SKlRPEHC R P+ B AR B B BRI IR, %
SHEN RS, St PRI R BRI AET), DU EOR AR R4, RO
RPN G BIURE o Sl BT A ISR B, SERR PRI SR AE SR A RE 1A
W ISR R . BbAh, AR IRED BRI, T DUR I SE AR 22 ST AL S 1 B BE ik
JE o REAE R GTAL T SR Bl S B B s A, M RRAE 2R R E 0 AR P
5 o

(3) ZE 0. SCIe PRS2 Rl B B ST Re g, BRI
FEWGETE, Wike 7 AR I E R B AR O FARRIUAE il G AT BT 5, i) 8 )
TERUER —E e E, A ULE Mz AR TR C &A1 B M g R
Bo SRR S ORI AT OB A REIERS, ikl o B s AR 2] B
S5 71 BAT 2 IRCR, AT 2 B2 31 (0 B AT 2R R

2. HAb IO

XA RBEATIAG IO Bes LRI N A, AL F 5 (123
IEREAT TIRNBISZH, BEAT T TN T AV R o AR U7 PO R FE R AR SR 2 B
KA V5O B, #4952 — Ze i m AL 0, A4 DY )11 48 4 FH rh SR )1 48 R LD e
F A AU
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R 12 0 FASSCHEAT B TR O SEE IR UG R, IR ERZ?

* 52 RN ILH
Table 5-2 Interview records

e 0 ik

T1 AALE,  H AT TR A 0 2 8 2R 16 T e 25 1) R P 4 AT D

T2 AR, (HRAESLPREA R h St R A — 5 N
T3 AEXN, KRR FRAA A RHB AR S A /) 1A 20s 1z
4 FEH T, (HR T B A BTN AT 2 I BEAR M AR R, BRI,

HEF U2 B, WHAK
TS BRSBTS b
T6 TESZ R I R E A %
1R 20 X T AT AL S A S b, IREE R ?

* 53 IRNAFIL
Table 5-3 Interview records

e Eom VRN

TIPSR, KRR 5

T2 BRI T A SEERIE S, R T e B EED
R RYEGS b, A A RAFAERORZ S, W T B e 7 2O 2 AL 1 5

T3
B B URIT I
4 Kl B 1 AR AR SRR, SRAE RN ZEAE RN, HE T B R —

{1 R PR
TS AP U E X
XTEEE, A ERZES, WIARREEEA —E R, HEHEE R
RICIEANE, 5 B2 AOREAR UL ) R, i8R R A TR ) 2 e A
)RR 3: G ARRECELBEAIRTT, ATIAUE IS DO EE, IR EA G LA
HUEA T RE BT BRI S A R et

T6
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%54 Vkm LR
Table 5-4 Interview records

Weis TIRNE

Tl REEA LM R OIBCAHNS, AT HCEADE A SR BAR R

T2 AT RN SGE, AT E 2 0 T R ) T

- RHATE LR T TR AA RIS, e i, WHOVESE K.
A AT

T4 RHATE LB A LEIRR, AR REP AN, a2k

Is RE A BEAE AT LR, B#a i Zes Aok, BiRegE, A
BRI, TR TN 2 A AR TR I N

T6 AT AT NS AR, (ER SEEGE R BLA s MR, 375 2 K Y)

(PR R RO 5T

R AR VTR, AT LR BTN T8 =5 T 5 PR CE SR = AR S
T EHE X L TR, TS RILL R g5 (D i —30A v ir s B = T
LB AA —ENE N, HEREFRETZ AP LEREMAR A4, PLIYSA K
A TRl B 2 0O (20 @k Ay A 5 MR X b, 30EH T B st R IR R B
—ERIRCR, UM CE N AR T GERFERE, Hadlid HdE v A
AU BB S BRI — B B R MR YE s (3) S5 & AR HE S B AR, 48 K80
53 FUMHAEAE A 5 B 207 I R oot 205 07 AT — @ s, (2 77 ZK I TR AR R
BTN E QR WA AN BT AL T FE R 5 20 T v oot R B — 0 BV
INIE 75 2T 2 R 50Kk AS 21— A B8 04 1 1 202 3RS, PSR IFATAT 28 S U1
it

T O B BP AT B R, Ul B H AT TR R ) 3 SRR R
LB, WRBEASIRE N, HE2ERESTRIHM S AE T, DS s
HEFRR
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SERIRAEAT R Z ] R R AR RAE R AL, A Bil, SEERAR YD
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Lot H R B A 22, X2 YRR L 5 1 22 2] et
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LRI BUAL AR AU 25 2 A 2 LA A —, L BB J A, & LR il TE LAY
HEWT; (ERRPE R BORZ otl, FREMNNEN 2AERNSGE R ERE ., E1E
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PRESIE, FEMOZISEAL NS LEBPTIE I . BeAh, BT A el AL e B AR
2, R EAEAEIRTR, Bie S BUE MR IR B ok e e B s illis AR R H
HWABIFIRER . Ra, B2 FAERNLEHEAAEIE, & A4 3 2 K
PERARSE IR, RS2 TR A4 7R, @5 6 L —ZRFUMHIRATIRAS
T, FRIMIEE 8 IR R LR 25 1P U, REfs 4T 1 2% B S AR 25 U T Y
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VTR, FUTATAR R 7S a AR A B, RS A g s A AR A
Fo MRAAET PHEZUTR G S N e B BB APESE, A04 8t al LSRR 7
EMAE O BRI . tEAh, 7 Bk s AR A TR AR A 36 SE B B I R R, A
M IR A A AR . T, A DRURE AUA B it RSB (14 2R 745 25 53 1
HRA, T CAUM N F A 12 SRR F) g LS 5| AR AU R I 4, AR IR 2 U 5
ZIB AR RARIK . IEAh, R EREM AL BB IR, W RIERR, K
TEAT . Brbk, UmpE E A R e R, AP iR, B E &
HUN %™ A IR AL TR . LIRS, HUMRZ 5] A AN, B IR A A AR AL
BREIEAE BT IN LR, e NAZEE 2 I SRR s A B T AR . SRR
RIS R, E PR E A i, EEETNERRARER, P E—
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gia BaRiEoL, s T UUR LA g (1D s E s, R miRes, 5
URASENIRAIXS L (2) MVEIE 5 Rk, BOLEEENG (3) DML TR &N N AAE N
FUAIBBCRM A R, W TR A EARN BB ATA R

6.2 MRAEERE

BT BAAE R R ZAE . B, RAKBE TR A A SRR 78 70, X R
HIRR AT FEAEIRN o 103 BRI 1R A 25 IR mi Y L R T P 55 AR it

2013 FHEEEHE M I TR, A IT OE =5 25 6 1 R4 T el
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