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Undergraduate Program for the International Education =S T m -
Experimental Class of SMSE@SJTU

— Tk
E I;m {‘B * Mission

‘g‘_‘l 1 E ey To provide internationally recognized education in the field of materials science and

engineering, cultivating students with strong problem solving abilities in science and
|
E *’T engineering. global vision. as well as communication and teamwork skills.

Objectives

The International Program aims to cultivate students capable of:

e Solving complex science engineering problems by making use of thewr
understanding of the relationships of microstructure. properties, performance.
and processing of materials.

e Perceiving and following the rapidly changing scientific and technological
trends. and driving the development of future technologies.

e Communicating effectively with colleagues or peers all over the world.

_ e Making substantial contribution to science. technology. and society. TH X
SHANGHAI JIAO TONG UNIVERSITY
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1. Content

* To be more reasonable when you set up your catalogue

4. Results-and-Analysi '
41 Curve 7

4.1.1-Low Carbon Steel 7
4.1.2Gray Castiron 10+
41 124
Discussion 180

* A proper name for the experiment

1. Content

* Introductionis a part to introduce the research background (if necessary),
the goal of research, a brief description of the materials, the structure of
your report......, but not for the theory of the experiment!

* Some words like “ we ”, “I ” are forbidden! Pay attention, it’s a scientific

report.




Ae=srull

ABSTRACT

Tensile testing is a basic material science method to measure material properties, several TABLE OF CONTENTS
mechamical properties are directly measured via a tensile test, such as yield strength. maximum
elongation and reduction in area for ductile materials and ultimate strength for both ductile and
brittle materials. Based on measurements, Young's modulus, Poisson’s ratio, toughness etc. can
be derived. Especially. uniaxial tensile testing is the most common and convenient for obtaining
the b 1 char of sotropic Fracture hology chi ization is
another significant method to determine the properties of materials since different properties
correspond to completely morphology of fracture, since fracture morphology records all the LIST OF FIGURES
information loyally from the initiation of crack to ation of crack till final fracture. By
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INTRODUCTION

Tensile testing, also known as tension testing is a fundamental materials science test in
which a sample is subjected to a controlled tension until failure. Properties that are directly
measured via a tensile test are ultimate tensile strength. maxinmm elongation and reduction
in area. From these measurements the following properties can also be determined: Young's
modulus, Poisson's ratio, yield strensth. and strain hardening characteristics. Uniaxial tensile
testing is the most commeonly used for obtaining the mechanical characteristics of isotropic
materials

Fracture merphology charactenization 15 another significant method to determine the
properties of materials since different properties correspond to completely morphology of
fracture. Scanning electron microscopy is a widely accepted tool for fracture morphology
analysis for the convemient specimen preparation, contimous magnification and high
stereoscopic sense. etc. With the help of scanning electron microscopy (SEM), direct
observation and analysis of the macroscopic and microscopic structure of fracture surface,
fracture morphelogy records all the information loyally from the initiation of crack to
propagation of crack till final fracture. In the experiment. magnification range is from 40 to
1000. In the low magnification. the initial position and the crack growth path can be judged
by the macroscopic observation. In that case, more mechanical properties of materials are
revealed. Whereas. in the high magnification. analysis of the causes and mechanisms of
fracture can be adopted.

THEORY

1. Tensile testing and mechanical parameters

1.1. Tensile testing

Tensile testing 15 a findamental method to measure the mechanical properties in the
field of material While testing. both ends of sample are gripped by fixtures and the
sample is subjected to a controlled tension till fracture. Basically, uniaxial tensile testing
is used for obtammng the mechanical ch ics of isotropic 1 vhile.
the testing system can provide a stress-strain curve automatically recording and
depicting material h 1 prop: . A quint 1al stress-strain curve for ductile
material is shown in Fig 1 Brittle material's stress-strain curve will be different but
mmch simpler than ductile one.

"
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Yield stress. B C F F
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,_-l,,r,;‘{ "o plasticity " hardening
egion region
Figure 1 A typical stress-strain curve for ideal ductile materials
1.2 Mechanical parameters
During tensile testing, properties like ultimate tensile strength. maximum elongation

and reduction in area can be dmectly measured. A stress-stram curve can be used to
obtain other properties: Young's modulus, Poisson's ratio, yield strength. and strain
hardening ch i mult; usly. Ci ponding fornmlas for calculating the
quantities are shown below:

58 Vo _VFIS, VF
z Ve Wi, V-5,
—B (N mm®);Re,, = T (N mm™y;
5, R ;

(N /mm®)

F. F 5
Re, = (N /mm’);R, === (N / mm");
50 Sﬂ

M _tu-

A= x100%

. Fracture morphology

Fracture is the separation or fragmentation of solids inte two or more pieces under
the action of stress Generally speaking any fracture includes two steps—ocrack
formation and p ion— in response to an imposed stress. hile, pr i
can be subdivide into slow p ion and rapid ion which will give rise to
completely different fracture morphology From macroscopic aspect, fracture can be
treated as two types: brittle and ductile (shown in Fig.2)
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YA RN ==2 311

— ﬂ
[ \
N

Figure 2 Two typical profiles of macroscopic fracture
Based on fractography, the fracture morphology can be divided into different
categories according to different criteria, it can be list as shown in Tab.1

Table 1 Types of fracture based on different criteria™
Criteria Categories Schematic graph

Amount of (a)Brittle

deformation prior to | (b)Ductile
fracture
0 Wt e W O et |
Ori ion between | (c)Orth: 1
normal stress and | (d)Shear ! ] l I E E s
fracture surface
5 Ombogonal racum: @ Stear e
Crack propagation | (e)lnfergranular
path (D Transgranular
) Tramgrandar e ) orsgramis rnree
Fracture mechanism | (g)Cleavage .“ XT)
icro-voi t X2

(jenicio voids i e reral

coalescence () Chuavags Smran B Menmcis cabans Buse

(i)pure shear

3
EXPERIMENTAL DETAILS
1. Materials:
Table 2 Material and its related
[ MATERIAL [ STANDARD [ TYPE | PARAMETERS |
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2. Mechanical parameters

Ry is the lower vield strength which approximately represents vield strength for ductile
material. Ry is the tensile strength. Ry 5 is the proof strength or offset yield strength which
represents yield strength for no yielding materials(gray cast iron and PP, the machine also
calculates the proof strength for low carbon steel. vou can see that it is similar to lower yield
strength) E is the Young's modulus, R represents fracture strength,

Based on GB/T 228-2010 “& /B #AEH {5 /775" and GB/T 1040-2010 “#iEH st
B 7357, results should be rounded to the following precisions. For metal strength values and
modulus should n megapascals, to the nearest whole number; for polymer, strength value can
round to 0.1Mpa, Young’s modulus can round to 0.01GPa. (In principal, three valid numbers
are needed for different materials)

stress-strain curve for each specimen (Shown in Fig. 3)

Streas-strain curve for low caroon steel
4004

Table 4 Geometry of specimen — — =
Specimen] @ S L. R 1 215 20 355 355 35
5% I I A - 1 o
1 Tow carbon steel 502 PR 30.04 460 > : = -
2 Gray cast ron 6.02 2840 30.05 _— .
— - = - 3 Stress-strain curve
3 Polypropylens(PF) 10.00 78.54 30.05 9.50 Based on the extensometer. extension of gauge length is recorded and we can get engineering

Sirass-sirain curve for gray cast iron

Low carbon steel GB/T 228.1-2010 Round shoulders with 5- Le=30mm
(Fe-0.2wt%C) time cylindrical specimen do=6.02mm.
Gray cast iron GB/T 228.1-2010 Round shoulders with 3- Le=30mm

time cylindrical specimen do=6.01lmm
Polypropylene GB/T 1040.1- Round shoulders with 3- Le=50mm
(PP) 2010 time cylindrical specimen dp=10.00mm
2. Equipments:
Table 3 E. information
Equipments Manufacturer Types
Field Em.tssm_n Scanning Electron JEOL JSMT600F
microscope
Specimen Cutting Machine BUEHLR Delta AbrasiMet Cutter
Static Materials Testmg Machme Zwick Roell Z100
Magnetron Sputter SHINKKU VD MSP-15
3. Testing conditions:
Normal pressure and temperature
4. Procedure:

(1) Dog-bone specimen preparation: Prepare tensile specimens with two round
shoulders with 5-time cylindrical specimen and a gauge in between by casting in a model
with specific raw materials.

(2) Uniaxial tensile test: using vernier calliper to obtain diameters of cross section of
specimens. Three points along the gauge range are picked. and at each point the measured
value of diameter is the average of two results perpendicular to each other. Then we load
the specimen to the fixture at the proper position after setting primitive parameters.

(3) SEM specimen preparation: After fracture. fracture part of specimen are cut via wire
cut electrical discharge machining and grind the surface slightly with abrasive papers. To
enhance the conductivity of PP, fracture surface has to be sputtered with gold.

(4) SEM fracture morphology observation: Observe the microstructures of fracture
morphology under the Field Emission Scanning electron microscopy (SEM) in various
magnifications.

RESULTS AND DISCUSSION

1 Geometry parameters
Tab.4 shows the geometry parameters of specimen dy is the primary diameter of specimen.
Sy is the cross-section area, L. is the extensometer gauge length. d: is the diameter of the
specimen after fracture( we only measure dr for ductile material. low carbon steel and PP)

Table 5 Mechanical parameters—strength and modulus

Specimen No. E(GPa) Rpo2(MPa) Ren(MPa) Ra(MPa) Ra(MPa)
1 211 205 206 364 231
2 104 323 346 346
3 1.77 189 337 288
A, is the percentage plastic extension at maximum force; A is the percentage total

extension af maximum force: A is the percentage plastic extension at fracture; A, is the
percentage total extension at fracture; Z is the percentage reduction of area.
Based on GB/T 228-2010 “< A Bl il % 7754 Pland GB/T 1040-2010 “$1BL i
%7757, results should be rounded to the following precisions. For ductile materials all
other percentage extension and elongation values to the nearest 0.5 %; percentage reduction of
area, Z, to the nearest 1 % (In principal two valid numbers are needed for different materials)

Z= E)( 100%
Ay
Table 6 Mechanical parameter and reduction
Specimen Ag Agt A At Z
No % % % % %
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Figure 3 Stress-strain curve for each specimen
Based on stress-strain curve, we can see that for typical ductile material —lower carbon

steel four periods can be distinctly observed, first period is the elastic part, the strain is
proportional to stress imposed in the specimen: second period, it get mto yielding state, we
can observe serrated stress-strain curve. which is largely caused by the Luders band  once the
Luders band is overcome, you can clearly see the jerk stress-stramn curve; third period 1s
strengthening period, the stress will cause the motion of dislocation. since the interaction of
dislocation will have the effect of cold strain hardening. the material is strengthened: and the

YIEXLA
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fourth period. If the specimen is subjected to progressively increasing tensile force it reaches
the ultimate tensile stress and then necking and elongation occur rapidly until fracture, we can
judge necking by the increment of applied force equals to zero, after necking. plastic
deformation is increased largely. During the experiment, we can see the shrinkage of the
specimen in the middle part, and the speed of shrinkage is becoming faster and faster, when
the cross-section area of specimen reached certain level, fracture happened. the applied load
weat down rapidly.

For gray cast iron. a quintessential brittle material no four periods compared to low carbon
steel Tt can be approximately divide into two period, one is the linear elastic deformation part,
the other is non-linear plastic deformation part. It does not have a yield point. and no strain-
hardening. Therefore, the ultimate strength and breakmng strength are the same. One of the
characteristics of a brittle failure is that the two broken parts can be reassembled to produce
the same shape as the original compenent as there will not be a neck formation like in the case
of ductile materials.

For PP, it is only a ductile material since it has relatively large deformation prior to final
fracture. However. subtle distinction compared to low carbon steel is that, there is no yielding
period because there is no Luders band in polymer only polymer chain The rest part is the
same as low carbon steel, inclnding elastic deformation part. strengthening part and necking,
fracture.

To get a more transparent comparison of three different materials quantitively. we neglect
the necking period of low carbon steel (shown in Fig 4) And low carbon steel has a higher
wield strength than PP. and so is Young's modulus. The results greatly depend on the
interatomic bonding--metallic bonding is nmch stronger than intermolecular force. Whereas,
brittle material has no obvious yield, stage of plastic deformation is very short and fractures at
a tiny extension. because the cracks propagate so fast that the stress hasn't reached to its yield
strength

Comparisons of stress-strain curve for 3 specimen

Standard siress (M Pa)

Strain (%)
Figure 4 Comparisons of stress-straim curve for three specimen

4. Fracture morphology

For fracture morphology. we adopt SEM to characterize the fracture surface, we know
that fracture morphology records all the information loyally from the initiation of crack to
propagation of crack till final fracture. In that case. fracture morphology analysis can belp
us get access to more properties of materials.

4.1. Fracture morphology of PP

In the low magnification(*25.shown in Fig.5). the overall fracture morphology of
polypropylene can be observed. Obvious distinction can be observed in radial direction,
based on macroscopic fracture morphology. itions from layer morphology to fiber
morphology can be seen. AOI-a is the transgranular area which has a relative flat

topography whereas AOI-b is the region which experience drastic tearing.

PPx25 B b T

To obtain better observation effect, we magnify each AOI with the magnification of 40.
200 and 1000.(Shown in Fig.6) to further judge the morphology of the fracture surface.

e

Figure 6 Magrufied pictures of AOL-a and AOLb of PP

For AOI-a, which s relatively far away from the source of fracture. Flat morphology i1s
observed with several surface relief regions. polypropylene is a type of polymer which has
multi-level interaction in a molecule. So the elongated layers fracture will be witnessed
under low stress state. For AOL-b, which is fust in the radial crack propagation ares. fibroid
ribbon can be distinctly observed showing the acute tearing experience of materials, which
means rapid propagation of crack happens here

4.2, Fracture morphology of ductile and brittle metals

For overall morphology. we can evidently see that ductile material will have a cup-
cone fracture( Fig.7 low carbon steelx25). We can see fibrous core and shear lip. Crack
arises from the core fibrous region with no distinct crack source. For brittle material. no
shrinkage of the surface. and uneven fracture surface is largely cansed by rapid crack
propagation and sudden fracture.

For low carbon steel. in the magnification of «200 and = 1000, equiaxed dimple can
bbe seen. especially. we can see several second phase particle in the dimple. which plays an
significant role in fracture. During tension test. dimple or voids will coalesce to forma
larger void giving rise to final fracture. the mechanism term is called micro-voids
coalescence fracture

However, for gray cast iron. tearing fibrous ribbon can be seen instead of dimple In
certain district, we cannot see tearing ribbon and the ronghness of the surface is decreased
(Fig.7 gray cast iron %1000). it can conclude that uneven stress state is imposed in the
specimen which mainly caused by heterogeneity of material In the tensile test. the atom
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layer displacement will caused by uniaxial stress leading to final fracture. From

Gray gdst

1gure / Companson of low c: ste ycasnron

Especially. we magnify shear lip in the magnification of x40,x200 and x1000. With the
P of the core mi roid and the reduction of necking region. crack will propagate
rapidly. When crack is near the surface, the maximum shear stress will shear off the fracture
surface in the direction of 45°. in that case. it will form a cup-cone fracture surface. Shots of
shear lip can show us different morphology of specimens. we can evidently see slip of slip
band in the direction of 45°. However. if we smooth the surface with special treatment. we
may see more obvious slip phenomenon

(=)

shear lipx40 shear lip*200

shéaf lipx 1000

Figure 8 Shear lip in different magnifications'”

CONCLUSIONS

. From the tensile testing. stress-strain curve can be obtained. Low carbon steel and

polyprop have similar stre strain curve as ductile materials, but jerk stress-
strain curve in yielding caused by Luders band only happened in metal. For brittle
material gray cast ron, no distinct yielding period with only sudden fracture.

. Related hanical p are y and 1ty. For
different 1als. they show completely different 1 properties. In general,
polypropylene has a lower strength and stiffness (Young's modulus).

C ding fracture morphology analysis is carried out via SEM. polypropylene

fracture surface shows relative flat surface and drastic tearing ribbon morphology
which rep slow p and rapid p gation region of crack. Low carbon

steel has a cup-cone fracture with fibrous region and shear lip. its fracture mechanism
is micro-voids coalescence fracture since massive dimples are observed. Gray cast

iron has an uneven surface caused by cleavage fracture.
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2. THEORY

2.1 Cry shallizafion kinefics

211 Huckatim,

For thezvacleation, diferert proc esses havs o be dictivguidued (Figure 3). Spataecs mckatio
cmcoureiber intle thserce of ay farsignafuce, he so-calkd hom ogmeos T katian, @ anforeigy
amfuces mechas dut, e so-calld beterogemeons nuckation, This type of mucleatizn & ako calked primary
rucleatinn, axd i distictfrom secondiny mucleation, where the Enerimof new particks is induced by
pertickes of the solte.

- Nuclation in
ABSENCE
of Salld Ireartace

Heteogen=ous
Nuciston

Muckation in

PRESENCE
of 5ol Insertace
Secandary Cl)ﬁlala\/

ucaon o

Eigure?, Differert ks of zua kation,

The mechami ¢ of primaryrue leatior can besthe disaess dbymeire fhe yoxleatior of deoplets from
the Tapar phase, Tbing droplets instend of crystals the treament of polphedrl bodie s wd fhe dffererces
i rrerfacialtensio of tudiridml faces cam e aroided, makckys e wderaardivg of the Teatmere easier.
The priveciples cam be fransfurred to polybedral cystak

To derime e nuckation e, the free atbalpy o the fam atin o & droplt wiha rudie 7, Dy, G,
Pos tohe caloited (Figume 3). TR T s ¢ it to the free edhaly —fhe axthalpy of © dmsation.
ardthe arfbalryrecessary o qeatingthe rewramface (Equation 1):

Rt of Muchois, 1

Figure3. Fcleatiom o n drpt with size r fram o apersatuns dvapar phiase. !

At = ho® i

The attapy o candmetion 1% pirvobme o abulligblock ¥ giranly

AN st = (Rl [

VAth 0 as femolrvokme, The ertbalpy for creation of e new iterface is given by f1e surface
area of the droplkt and fhe arface tensin o

For a droplet to grow, fhe charge infree evfhilry pan addinga baildkgblock hasta be regative. ;b
i apparert from Figmre 3 fhat this & the case orlyforr >1°. Fo doplkts wib asie 1< 1% the addition
of ntrldie b isurdarorible, as e free sdbalpy inrenses. This, o droplet wih a sim 1= 1% bas
e e rotahility of addings srowh itas lnsrg & it i fequlbrim withtke aperssmted mofher
ghuse.

The e leation rate T s imen by fhe deveity of the riacki munkiphy fhe ate of additionof ane frrfher
‘il block . The vokme density of crificalnucki can be derived using the Bolman equation, which
Telutes the concentration of oligpmere o to the corc antration o mokomers ., to the free adbnlrrfor
e azgregmtion:

Wi = g 2

From Byualian 1, 2, the size of the ariialznx ks, 0%, canbe derired (Eyaction 4):

T

I

Thus, the free ardbulpytoform such a criticalmckrs, fhe atba by of rinckation, is gmenby:

k=0 1%

TR (5

The dependence o tilding block addiion e on supmsturatin can be negeced. Since the

formation fres erthalpy i proportioval to (1710, this fue roxleation rate depends expoantially o
aeranTation, 1< giren by Equation 6:

Jean =

135 180

Fgured. Carectiomfactor 1%, for the rocleation of a droplet o aflt suface as afirctionuof the cortact
argle . 11

Fhocleation can also oo onthe aurface of aforeignpartick . The free evtbatpy of fhe £ omation of
a doplet oh a anface & dedeased Afactor 1. Tebtes the free athalry of roxleation an a sxface
1o tht in fhe vobme (Byuation 7). Far  flit aurface, the qualistive dependemce of I, o the
citact ange ¥ dumm o Figme 4. Fao a contact angk of < . the lipnd will vt spread and fhe
fareign amfuce dossnotppat the mucleatian; cawersbrfor - = &*,the lipid greads anthe auface
and 1o barTiT o vox leatintbne to he omeTcome

&)

e e factor i alnrye aualler thon wminy (eecept for op = 13 ) the rocleation @ 2 axface &
ererzetically faromble to hom gZaeals mcleation, andwdll foe beme dmtically higher mtes.
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2.1.3 Growth

Stepe an dealorystale cam e fommed by 2Drox 1l A dkoesedbefore. the supersahmat inrecesary
for roxleation, o 3 A ace i sigrdfic anthy lomer fhan the aperatmition recessary f roxleation i e
Tohame.

Tnw tothe limit time, of fhe three models for the groahria 20 vauckatim, me orby dicoies hirth-
ad-spread model will bere. B fhis model, 20 amface roacled are geverated ae e £t faces. The roacled
are limite ey e that Rillspread ot It ds alloweed fhatremr s led genente o growang is bnds (Figume
5.

Figuwe 5. Nodelfor fhe growth mia 2D anface roxled accondivg to the bith-ard-pread model. 11

The gowhnte of e racki depends expaentialiy an o ion (Eogualion 4):

[

Thus, the gowthri 2D roxleatin wrillneed a certain critical Sypersbaration to start, upan whih
e gromehte will inrea se rapidiy il & Lin ed by trareport phenanera

Besides being determined by Trocesses at fhe dterface of 2 cyehl, e gromth Tate cam ako be
determ red by trareport fhetam era futhe ok of the moother phase . Bothe case of gromturom sobriom,
e discuseion, of tameport phercmena carbe linited to fhe trofer fmase,

The diffsion lrar in n smgnant. sokation b a thichwess of appracin atekyr. The mass travefer by
diffiximn equals the mass trnder by hoapomtion o boddve bids o the Tystal by dterf acil
mrocesses. Twro Tegimes canbe distirguidud, growth mairly dtom red by difusion wd growthima iy
determ ived try the processes at the terface.

2.2 Affecting fartors

2.2.1 Uanl therm odpvm i Tarables

Crystalliztion ¥ gomemed by fhe 1] ferm odyrem i mrishles of temperahre, composition, wd
presare. bis commente descrbe fhe themodmamics ivterme of dowirerd chemical pecies presant,
wdiichin fe majaity of ysalimto process: ¢ are e materhltobe mrtallizedard 2 smal romber of
solmets.

ST anTATon E ote of the i poTimE affectingfactars. The SperanItion i makdy conralled by
tem peratire. The lower the temperstre, the kwer the apersanmation The hrger the aperatation i,
e more roackd are produced and fhe smallerthe gaim e is.

The aystallimtiantine & ako m inpartet ofecting fuctor. k is related to fue height of Hiqud The
Tigherthe igridis, fhe lauer the ¢ time i The longer fhe ¢ e fhe largr fhe
i sie of the aystak.

Stiring ersity ic smother affe ctivg factor. The strangr the stiring, fhe mare sasiky e cyenl &
Troben. ndthe arystalparticls size willbe smalkr,

2.2.2 Addirires and impxities

For allreal epcteme, afurtwr ffhasce bac to be tben fto accomd, fhat ic, of dnpuriies . Thees are
Tresat in every systm , in Tarying amonts, These mpurities cm hame an effect o the sobbility or
maltivg poirt of e materhl tobe aystalited, § mall The mesarce o adliiwal companarts it
odtim E oftermore hoticeable dthedr effect upon de bdvetics o aoyrgallmtion amd more specically
@ growth s of aystal.

{2) Schibiliry
g the cohibility of 3 Ziren nbatarce iy the o of thesyetem
the sobbilicywill chong with the fresence of sddtioral dremial species. Curmartly, & & ot posahle
o pradtict fha precise sffact an additional conpover il bame | bt experince shomes that the solibikitraf
asbsmnce guenly hureuses it pressrce of addiimes,
Ore woception i the so-called commen i effect chaemmed n electrokte anlntiore. Hare, fhe
sobibilicy product govems the sobibilicy bebawicr [ Eyuatians 9:

AL At B

o= Er 151

The preserce of a second ekctrolyte shariiza canmen Devarifthe dom frevt epecis wrllreduce fu
sohibdliny. The sobibiliny prodoct By dea covetare, and g duTease ithe concenmration of oe of fhe ofher

com povert reduces the covcenization. o the cowbarim. A 2 Tesalt, the apparert sokibilicy of the sak &
decmasing.

[b ) hacleation rates

The mresence of foTedgn pecies i 2 solmion may e o Gedease te roxleadonrate of the
ystalliming sdbstarce . Bofh ef ects can be iderstood intrms of chssi o theory, ndure fe
1 leatio Tate i gimen by

1=t

Tois o pre-sponantin] factor, the shape factor Cz accoumts for the gomatry of fhe mckts, v, s fhe
nterfaci] enerzy of the roxleus wihrespecttothe sobveat, Vi ¥ the mokoibr volme, b fe Boltam am
constord, T i fhe wA$ jethe relativenp atiom, The presence of additiresmay hurease
o decrease the interfacil erergy, which will result in aTespective increase o derease of the nuckation
e

Addiimes mayaleo afectthe equiirm sokibiling of 2 modifythe

which b tmaresilts i a change uack ston e

GUE | me

GUA T ol

GUE 10 med's

o1 0z 03 04 s
[T s I [,

Bigure 6. Dnta, o the indictian tiue far the roxcleation cfwanillin 3 propaoliwater ke preserce o
warins additives mdregressiane. '

This is lnstrated in Figmme 6 for e hactiontime of the muckation for vandlinin Jpropamolivater
tuthe presence of Tarioe addidres.
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By the Ray, additines Ty Ak affect e squithrim sobbdliny of 3 soltts wmd thereby m odiy he 3. MATERIALS AND METHOD {3)When the temperatire of sohtiomreaches stable, take the soltionwiha dropper and drop ane
superstrtion which in fum eslts i ding: booclestion it bare o growduatemodifig mpact drop orto the petri dish.
ard, 25 4 cotseqence, morphological chmges of the dyshls are obseved Figure 7 presints e 31 Materials ad equipment (#) Observe the arystallimtion.of amm andm chdoride undr biologic alm ioscope avd take pichires
comespmnding sffect an he nmalizd groath Tates of caleim conlae mendkydrae [COM) b e v this process.
re sence of cirute i fhe morphobgial durss {1 Petri dises beabors,testtabes, ammevim chloride poreder ¢ qpper sifate pomder {5) Prepare the copper sulfate aqueous schion and repeat the above [rocedures.

{2) Prepared aqueows sohttian with amass fraction of 25%»30% am manim chlaride
™ (3) Prepared copper sulfate aqueows sohxtian

”“g‘g" - 4] Ekctric-heated femostatic water bath in Figire & ard them ameter 4. RESULTS AND DISCUSSIONS
@iy

eSS

41 Gry stallization of anmaordm dhladde

The ayshllation rocess is obsimed wdr e bibbgical miToscepe mdthe orenllprocess
roaghly shoam i Figure 10.
Figure. (1) Determ bration of fhe Tystal gowdimtes of COM aystak Teference wdreduced gonth,
Tt s fhe preserce of chrate. (b) Isctropic srowib of the cotrol ample top ) wnd iddbied gomth i
he preserce of cire (bottm )"

Figmre 8. Electric teated fhamostt i water bath,

{5) Biclogical mioscape

Figure 10. Crystallmtion process of anmonim chloride.

By observingthe aystallmtion process, we can see that fhe arystal i firstly formed at fhe bottom of
‘bealer forthere asomthat fhebottan of beaker bcates he re arest tothe extenral envr aeanert avd therefore,
5 s 5 the highest temperatime difference acts as a drivirg force far arystal to yox kate and grow. Figure 11
T BilogalRiza gl dubits fhe cbinlvoxleation and gromth of rystals. Besides, the crysls drif n the way of Brovmn
motic.

3.2 Frocehmes

(1) Prepare aqueas solation with a mass fraction of 25%.-.30% ammordam chloride.
({2)Put the sobtian to abe aber avd heat & i the electric fumace tonear 70 °C.

-
[y
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Figure 11 Irdtial muck ation and growth.

Inte first stage, the anall aystak grow separately ad their growthaate is chriously differext from.
each ofher. Some ammordm chloride aystals gow indiridually whdle some growr as a chister. b Figure
12, we cmsee ot dendrites growr an the ariginal arystal md the romber of dendries cnmost aystak
ranges fram four to six. The shape of most arystak & frregular octabe drom sice differert dendrites also
Tave differart groathmates.

The amowt of arystals at fhe bottom of beaker ncreases mthe secand tage and the secanvdry
dendries growonthe suface of primary derdries . The bottom of sohtian ¥ gadw Iyfilledwith aystals,
after which the aystak begin to groar an fhe wpper luyer of sobtion. The Fowing process is similar to
fat anthe bottom luyer.

LN e %'’
Bgure 13. The secord sage of ammanim chlaride aystallmtion

11

Tnthe final stage, the bottom and upper hyers are filled with arystak and fhe tertory devdrites groar
athe secondiry dendrite s. Compared to the primary dendrites, the size of secordary dendrites ¥ much
am aller than fhat. of primary devdries. Libewise, the size of tertiary dendrites is analler than that of
secanvdry devdrie and therefare, & is quite difficult to obsrve s appearance wder e biobgical
micoscpe. & tine goes on, hhe aystallization Frocess comes to m erd andthe fial ¢ Foumstnce &
ome nFigure 14, which i dby many gown aystl at differerd depth

Figure 14. The finkh of ammanim chlarid aytallztion.

42 Gy stallization of cpper sulfate

4.2.1 Crystal Morphobgy fnalysis
Copper sulfate has a triclivic btice with a=0 586m, b=0612rm, c=1072m awnd «=77.42°,
P=8241°,=72.74° {see Figure 15a). Therefare, ipitatingfrom water, the pp

i fmegular prisms. Diferert amfaces of fhe prim are related to differert Iattice plares, as showed
Hgurelsh.

TFigure15. Lattice of copper sulate."*!
]

Pictres of the tion proce ss are sekcted 1 h of the aryshallimtion of
copper sulfate.

Ty Mo

Figure 16. Crystallization of copper sulfate.

I Figure 162, rwwr arystalforms #uare cangalar dape withsam e highenergy Iattice phve exposed
i the solation. by Figure 16b, to reduce the total free ererzy, new surfaces with bwrer evergy level are
famed Figure 16¢ ckarly shows anew hyer growing onthe famer arystal amface, which & consistert.
1o the 2D mcleation ad groath heory. This mechardsm provides much more cormenderce far aystalto
expand The firalshape of the aystal i showed in Bigure 161,

422 Crystallimtion Kiretics Avalysis
T arder to better study the process of aystallimtion, we can measure fhe width avd lergth of fhe
aystal sparately. Supposing the widh ard levgthis measured at d and 1, wee may estimate the vokme of
the aytal V=F & Relativg the vohme of the aystal withtime, we canmathematically swalyze the rocess
o aystallimtion.
From fhe video recorded dming the experimert, the data are collected and fitted ¥do a curve of
polman ial fimction (Bigure 17).

Ae=srull
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Higme17. Fitedcurs o oyl vobms and time

Title L Speci fitting s

Fitivg Foction a b (3 d R

ffzch=ac Ao +oc+d -06282 635 -56560 1305000 09958

Spcordive to the fitig Teailt, we can also wad ox the differential oxme of the Weimctioy, wiich
udicates the relatimduip betwveen aystalimtiourte ad tine, and the Tesak is inparabola shape (Figure
;8]

] ] 0 3 am
timets

Hpme 18. The axve of ayshlliomtion m: .

n

Direnthe parabola dhpe of fhe curre, & & dmionethat fhe omthrate of the mysalwAllfirst RuTease
el then decline . This phenamenon canbe exphire dby the folkwing reasars:

(1)t fivet, there & nonmder-cooligin the sobation, andthe doivizorce of rcleation is e Thas,
sz growth i bighly actirated, fhe crystallimticn rate is b,

{2) bfr ceme time, fhe widkr-cooling Teachas catab etert, the conditian ¥ satable for ot
Tucleation md growih, the cystallimtion rate achire s maudnm

(%) Mg with fus falling bperihrs, the diringfacs o gromdibecan e the da it linitation
for the yemllimtion process, and the Gite begis o demeas:.

(4] &s the aptalimtion goes @, fhe covcantmtion of copper sulfate akio deceases, whidh
ooptrdntes o the Tedaction of aysmllmtion me .

. CONCLUSIONS

o s sk, we prepane the sobition o copper sa¥ate {CuS 04 ) and smmordm chlaridk (WEACL)
Tespectirely avd huate d o 70°C . ther the sohiom aystallized by nanoal coolivg, We fomd fr e
aystallzmtion of HE4CL folkmes a multistage process, the prin ary dendrites growes with a shape of
e gabr octabedron, followred by the grondh of anoaller secand dendrite s on the primary dendrites.
Trrogh e cbsermatian of (uS04 aystallimton, we rotte fat fie aystak of (u304 tendto appear
Ire abr prims. To better shady the yetalimtior biwetics of Cuf 04, me arabyse the mohme daree of
e crystal versas time and caklate fhe dpomic crysmllimtion e dmig the mhels process. W also
promide reasanable explmatim of fhe result we fid
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Review Defect Future

Reports writing

Doing report is what we

learned in this semester, and

there are so many tips to

make sure the reports meet

demands. \

HARVEST

Experimental
techniques

Techniques for experiment are
trained, and it is of importance
to have a try on basic

experiments.

Presentation skills

It is obvious that presentation
can enhance understanding of
what we learn and train our
oral expression skills.
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2. My gains and advice——qgains

————————————————————————————————————————— e e e e e e e e e e e E e EEE ===

(1) Basic knowledge of macro properties and micro structure of materials,
better understanding of theory.

(2) Ability to write a standardized experiment report.

(3) Better proficiency in certain software.

(4) Ability to have group cooperation and confidence to do the presentation

(5) Exciting and mteresting stories from Zhou
Patient and helpful guidance from Wu

Careful and thorough evaluation from Chen

%

D)

MDI Jade 6 CrystalMaker
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B What did we learn?

Creative ideas

Hands-on practical ability

Combine with theory

Group work
Cooperation

Specifcgoals 4 m————




SR 194 IR EzsomulnL
m MY GAIN

It transformes the abstract theoretical knowledge into practical material
behaviors.

Structure Useful Testing Methods

Intuitive material properties
Properties

Processing — echanics
Deeper understanding of

material
Performance ais

Good atmosphere and
interesting experience
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