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Gié1 thiéu chung
-Nguoi dan Nam M¥ ¢ thoi ky tién sir dabiét dung cao su thién nhién
dé tao cac san pham (1492)
-Bién tinh polymer tu nhién (gitrathé ky 19)
-Tong hop polymer (dau thé ky 20)
-K hoa hoc polymer bat dau tir 1920
-K hoa hoc va cong nghé cac hop chat Cao phan tir phét trién manh vao

nhitng nam 60-70



Khéi niém co ban

Monomer = Mono + mer
e N\
ohe unit, part, segment

@ The linked monomers form a chain-like structure called a
polymer:

Polymer = I?[oly + mer

many
M— M— M— M— M— M— or — (M), —

Many repeating units

Oligomer = Oligos+ mer

&

Monomer = Oligomer = Polymer
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Polymer Structure

1) Repeating Unit depends on monomer used in synthesis

-La nhirng nhém nguyén ti nhat dinh tham gialap lai nhiéu lan trong mach phan t
polymer
Mac xich co so
Ex: Polystyren \'

~CFy —CH w (_CHZ_CH_)H
—

“+CH,—CH —THy— C4—CH, ~-CH-CA,

T ey " e
0O 0O O ug,

.""-.:"-. hl"-.-.':.l-. H-.

Do trung hop
2) End groups: structural units that terminate polymer chains

CH4CH, \LCHQ—CH2 J-CH=CHj
LN ¥ n LS A

A L
i =i

End group Repeatingunit  ppq group
= monomer unit 5



Polydispersity/Molecular Weight Distribution:

Types of Molecular Weight

Molecular Weight Distribution

Number Avg. MW i
YNM, Y wy ""g;f;;*;“.:
M, = IEN _ - "

Maolecular Weight (g/mol) x 10 4 -3
WeightAvg. MW
YN, Mf 2w M,

M;: KLPT cua phan tw thir i _ _
N.: S6 phan t&r c6 KLPT M. ¥ Y N, M, Y w,
ViscosityAvg, MW
ﬁ ENiMil+a
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nmumnber
of molecules

Polydispersity/Molecular Weight Distribution:
Types of Molecular Weight

numhber average
molecular weizht

VISCOsity average

molecular "I'I."Eigll\

welght average

molecular weight
-\—\_\__h

/

/

-

/
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Polydispersity/Molecular Weight Distribution:
Types of Molecular Weight

N. M.
N, M. N. M2
(mol or # fxn) (mol wt)
0.10 50,000 5,000 2.5x 108
0.22 70,000 15,400 1.078x10° | M, =7? g/mol
0.51 82,000 41,820 | 3.42924x10° |M, =?g/moal
0.10 93,000 9,300 8.6490x 10° | PDI =M /M =7
0.07 102,000 7,140 7.2828 x108

M;: KLPT cua phan t& thw i
N;: SO phan t&r c6 KLPT M.




Property

Mechanical Properties
Fig 4.6. Dependence of properties on M.W.

Working
range i
e Viscosity n oW

- .

[Mechanical

Level off:
MW =105 PE
MW = 20,000 - 50,000 polyamide

Nonmechanical
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Céctinh chat d:ic trwng cia polymer
@Polymer dong thoi o céc tinh chat caavat thé ran valong
@Do nhat ciadung dich polymer rat cao

@K ha nang polymer truong |én trong khi hoatan

@Tinh bat dang hudng
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Trang thai vat li hac trong

Trang thai pha c6 ban cua polime vo fionh hinh:

v Trang thai thuy tinh.
v Trang thai cao su (mem cao).
v Trang thai chay nhot.

Trang thai pha cb ban cua polime ket tinh:

v/ Trang thai ket tinh.

v Trang thai nong chay.
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Trang thai pha cua polime vo fionh hinh

Trang thai Trang thai Trang thai
Thuy tinh Cao su Chay nhot

Dao fiong Dao fiong Chuyen fiong

Noan mach Phan to

Nguyen to

Tg: Nhiet flo hoa thuy tinh
Tv: Nhiet o chay nhot
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Trang thai pha cua polime ket tinh

Trang thai Trang thai

Ket tinh Nong chay
' >
|

Dao nong

Chuyen nong
Nguyen to trong

: Phan t6
mang tinh the

Tm: Nhiet o nong chay

13



Phan loal
-Theo nguon goc: thién nhién + tong hop

-Theo thanh phan hoa hec ciia mach chinh:

Mach cacbon c—o—c—c—c—o—o

Di mach |

VO co

-Theo cau tric mach: thang, nhanh, khéng
gian bachiéu

,,}%.

star comb

O-d-‘.




-Theo thanh phan monomer:

*Homopolymers: One sort of basic units (monomers).

*Copolymer s (heteropolymers): 3 two sorts of monomers

Homopolymer - -A-A-A-A-A-A-A-A-
Random copolymer -A-B-B-A-B-A-A-B-
Alternating copolymer -A-B-A-B-A-B-A-B-

Block copolymer -A-A-A-A-B-B-B-B-

Graft copolymer -A-A-F".-A-A-A-A-A-
B-B-B-B-B-B- -t




-Theo cach sap xép nhom chirc trong khéng gian:

_ | sotactic
Isotakuswi

—

“Atactic
ataktisch



Phan loai theo trang thai pha

FPolymer crystallinity
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Factorsinfluencing crystallinity
« Cooling rate
» Chain complexity and regularity
 Side group size
o Tacticity

 Cross-linking, Branching
HDPE and LDPE

e High density polyethylene: linear chains, branching minimised b
efficient alignment of chains, 90% crystallinity.

E=1GPa

* Low density polyethylene: branched chains b inefficient alignment of
chains, 50-60% crystallinity.

E=0.2GPa

18



Nomenclature (danh phap)

Poly + (monomer/repetitive unit)

*Ex 1: poly(vinyl clorua) = poly + vinyl clorua

nCH—CH —> (=CH=CH-)q
Cl Cl
EX 2:
#H,N=CH,CH,CH,CH,CH, —COOH —= THH‘CD_CHJCHJEHECHJCHE‘H

6-Aminocaproic acid Poly{6-aminocaproic acid)

Ex 3:

~F NH(CH)gNHCO(CH2)4C0 - Poly(hexamethylene adipamide)
; 19



TONG HOP
(polymerization)

U Trung hop (Chain Growth, Addition polymerization)

UTrung ngung (Step Growth, Condensation polymerization,)

polymerization
reaction

monomer - polymer
HC——CHy, T CHCHy——~
&5 . -
*—4—CH,CH,O—1—*
HQC_CHQ B )
HO—H>CCH,—OH *—4—CH,CH,O—1—*

R O
O O



Trung hop

H H
nx | C — C
H H

ethylene monomer

e

heat
pressure
catalyst

nA =—> A,

H H
¢ — C
H H
polyethylene
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Phan |oal
«Dyavao ban chat ciiatrung tdm hoat dong:
-Trung hop goc tu do (TH goc chudi)

-Trung hop ion: cation hay anion




Trung hop goc chudi
Co ché:

*Tao thanh trung tam hoat dong:
cl,_8shn _ o¢

« Phé trién mach
C* + H, - HCI + H*

Dt mach
H* + CI* — HCI

H*, CI* vavao thanh binh va mat kha niang hoat dong

23




Mechanism of Polymerization

Initiation { Formation of the initiator radical
Addition of the initiator radical to monomer
Initiator - R
Re* + CHy=—CH ——= H—EH::—?H'
| Y

Propagation

rorrsCHz—CHs 4 CH,—CH —— ArswCHy—CH—CH;—CH =

| | | 1
Y Y ¥ Y

P Coupling or combination

rurauGHs—CHe  + 'HE_HEE"'I-.-IW"-'_'_. M"”EHE—?H—HT—HEEW

j
'1!" Y \ L ¥
Disproportionation

wvwuwewCH=—CH + HIEIJ—HEI:“HW
Y



Giai doan khoil mao:

-Tao racéc goc tu do dudi tac dong cia diéu kién bén ngoa

| —— 2R i

R -+ CHyCHX— R.CHE(}-

. N - A X
Khel mao nhiét:

tO

Ex:  CH,=CHX CH,- CHX  (ludng gbc)

CHy=CH

CH;=CH @ CH,—CH -

Diels-Alder dimer

Transfer of H atom to monomer
25

Molecule-induced homolysis



Khoi mao anh sang (UV)

26



Photoinitiators

hv
RSSR —» 2RS-
(@) Cl)H ’ 0] OH
Il v J
Ph—C—CH—Ph —m/™™> Ph—C+ + <*CH—Ph
O O 0
| .| hv

J
Ph—C—C—FPh —>» 2 Ph—C-

The major advantages of photoinitiation:
[ The reaction is essentially independent of temp

{ Polymerization may be conducted even at very low temperatures

. Better control of the polymerization reaction

The reaction can be stopped simply by removing
the light source

27



Khoi mao dung cac birc xa:
-Téc nhan khoi mao gom:
+Tiab (e)
+ Tiaa (He?)
+TiaX
+Tiag

*Pic diém:

-Xay radudi tac dung cua bic xa

-Ban chat giéng vai triing hop quang, Ning luong hoat hoa E=0, va khong
phu thudc nhiét do

-Van téc phan ang co thé 16n do birc xa ¢6 nang lugng 16n

-San pham c6 do tinh khiét cao

-Tré ngai duy nhat 1a gid thanh cao (phai co thiét bi bao vé)

28



Khoi méao dung chat khei mao hoé hoc:

*Nhirng chat khei mao thwong duna:

-Acyl peroxides nhu acetyl va benzoyl peroxides

i W I
0 0 0

Ph=~C—0=—0—C—Ph =—® 2 Ph~~C—0 —= Ph* +CO;
A

-Alkyl peroxides nhu cumyl vat-butyl peroxides

':;H;, ':;H;, (I:H_‘q
¢1—?—D—D—(I:—-1:- — 2 '13'—?—{:“
CH, CH, CH;
CHa CH- C'Hs

| | [
H:( —C=0-0—C—CH; —= 2CH;—C—0.
CHo CH4 CHj

29



Chdt khoi mao hoa hoc

-Hydroperoxides nhu t-butyl va.cumyl hydroperoxides

':I'h CH?
CH, -C'D-DH — EH;‘C-@ + +0OH
':Hj CH?
CH; CH;j
ch—l%‘—D—DH — ¢a—¢*—t:r- + +OH
CH; CH;j

-Peresters nhu t-butyl perbenzoate:

i P W T
4=C=0-0=C=CH; —= ¢=C=0- + -0-C—CH;
CH; CH;
30



Chat khoi mao hoa hoc
-Az0: 2,2 -Azobisisobutyronitrile (AIBN)

CN CN CN

l |
[GHE}EG—N=N-—é{GH3}E —— 2 (CHj3)sCe * NET

-Hé thong oxy hod khir: thuong la mudi (Fe2, Cr2+, Ti2+, Co?*, ...)

tac dung vai mot peroxyt (ha thap nhiét ¢ phan tng)

Ex. Fe* + HO-OH ——HO + HO + Fe*

Feo<7
ROy R ROy + Ry
Fa=71
R oy H Hed v + Ry =
. A}
T Fe—*t T

[ SLl LI — - RO 4+ RdOy-
31



Phat trién mach:

R(|3H — CHy—CH,—CH
|

B?u BlU('jl R CH2 _CH X Pau-dau X
>|( R CHZ—C|:H— C|—|2_c|;|-|
+ _ X ‘ X
+ CH, —?H budi-dau
R . X CH— CH, CH — CH
RCH —CH, RS Y 2
X D
X bau -dudi
Head-to-tail addition is favored for steric reasons
Sc;gil:['i?)snthat stabilize radicals also favor head-to-tail R CHZ—(|:H _(|:H —CHZ
X X
—CH,CH —CH,CH —CH,CH —CH,CH —CH,CH Pudi-dudi

ol elotoLoialole



Phan &ng ngit mach:
Su két hop cia cac phan tir chira goc tu do, tao cac phan tir mat kha nang hoat dong

Chain termination: ~(CH,-CH,-CH,-CH >~

v e
_—"  combination

disproportionation/isomerization

~CH,-CH,e + ¢CH,-CH,~

* Ngat mach bang chat trc ché: Dung cac chit dé tiéu diét gbc tu do

EX:
OH

TR Q
Quy non

oH Hydroquinon

33



| nhibitors

Added to monomers to prevent polymerization
during shipment or storage

Must be removed by distillation of monomer or extraction

Alkylated Phenol
OH ) S 0

RH = .




Inhibitor

No inhibitor

% Polymerization

Time
Induction period

Induction periods are common even with purified monomer
because of the presence of oxygen, which is, itself, an inhibitor.



Phdn izng ngat mach

*Sir dung chat lam cham

Ex: R+ RSH—— RH + RS
(mecaptan) (Kha ning hoat dong
thdp hon géc R )

36



Phan &nq truyén mach

-Thuong xay ratrong quatrinh trung hop
-Lam nging phan ang phét trién mach, nhung khéng lam giam trung tam hoat
dong
- C&c loai phan ¢ng truyén mach chinh:
+ Truyén mach sang polymer
+Truyén mach noi phan tir
+ Truyén mach sang monomer hoac chat khoi mao
+ Truyén mach sang dung méi
-Lam giam trong luvong phan tir cia polymer
-X & suat caa phan trng truyén mach tang khi tang nhiét ¢ va cd mat oxy (nén

tien hanh trong moi truong khi tro N, CO,) a7



* Chain transfer reactions

Transfer of reactivity from the growing polymer chain
to another species

1) C.T. to Polymer

Chain-end radical abstract a H atom from a chain
= Chain branching

weCH,=CHa +  sCH,CHow * wCHy—~CHy + s CH, G
¥ ¥ ¥ ¥
CH,=CHY
|
¥
CH,CH»
WI:HEIEI:*

Y



2) Backbiting : intramolecular chain transfer

H
CH, ZC'C 2
O CH, HA " CH,
wnCH  CH, — *wwwwH CH,
H -
3) C.T. to Initiator or Monomer
ROOR
- "wCH;~CH-CR | —
¥
wCHy=CHs —
¥ CHp=CHY ,
""""":HE-[EHE + EH::::'-{
¥

Important with monomers containing allylic hydrogen,

such as propylene
Resonance-stabilized radical
CHa GHy

wCHo—CH  + CH=CH—CH; = wCH,~H, * CHa=CH-CH;

B
Reactive radical I
B
[:Hg:‘cH_'EH:;;

’. High-mol-wt polypropylene cannot be prepared
by free radical polymerization



?Ha 'TH:HH
rowCHy—Ce + EHE:IT"'. ~ allylic hydrogen
COOCH; COOCH3
Frnpagafgn//” \QQ:- monomer
I25.:H3. o CHa Ll'-'HE I.:HI
rnrvCHy—C— :—é- A~CHy—CH + :HIZA:
COOCH B é
¢
| COOCH; OOCH3
:|:H3 CHa ll..-'l"Hg
%
Jr*n.--'-n.:|::H:—|;:;—I::HI—J|ZI CH,—C
—0OCH
coocH; §TO%Me COOCHS;
Os

Resonance-stabilized radical

Resonance-stabilized radical



4) C.T. to Solvent or Chain transfer agents

ccl,

'-'-'EH;—{FH" + O,
Ph

GGl  + GH/~CH
Fh

Thiol (RSH)

»CH,—CH* + RSH
Y

.

"'"‘GHE—'IIZI-'I{:I + CCh

Ph

CCly—CH,CH .
Fh



Phdn ing truyén mach

* Phan tng truyén mach mong mudn hay khéng?
> -Phan nhanh
-Thanh phan hoé hoc khdng d¢ong nhat

--Ngat mach sém

42



Pic diém:
*Phan trng trung hop la phan trng cong
Do chirc (¢6 khong no) caa hdn hop phan ang —
«S6 phan tir chung trong hé ~
«Céc phan tir polymer duoc hinh thanh rat som vai van toc 16n (phan
trng chudi), ngay khi dd chuyén hda con thap
*H6N hop san pham thuong chira ca polymer va monome

K hong c6 san pham phu va san pham trung gian khong bén

43



Kineticsof Polymerization

Kg
Initiation Initiator ——= R.-
k.
Hi - M _I_h'- M.1'
Propagation K
My % M ——— M-
K

p
ME++ N — ME"

. K
p
M:' + N —— M[_:'.|.-'|:|

Termination

MI"I' M],I'._h- M[Ii.}.? I:El-upling

Kig
My + My— M, + M, Disproportionation



Pong hec ciia phan &ng trang hep goc

a. Céc quy udc dé don gian hoa

-Trang tha “dung”: nong do goc tu do khong thay doi theo thoi gian:

D[M]_ ,
d

-K ha nang phan tng caa céc goc tu do khdng phu thuoc vao KLPT

-Monome chi tiéu hao trong qua trinh phét trién mach

-Néu truyén mach khéng 1am thay doi hoat tinh caa goc

R+ CCl, —— RCl CCl, e



Kineticsof Polymerization

Initiation rate (R)) Typical Free Radical Kinetic Values

= E{M .] =2k i Ead 20—40 kcal/mol
- dt = d[l Eai 5—7 kcal/mol

Wh erg E'u.|:| 4— 10 kcal/mol
Es: = 0-6 kcal/mol

[M=] = total conc of chain rac
[II = molar conc of initiator

f = initiator efficiency =0.3 ~ 0.8

Termination rate (R,)

R, =-d:i' = 2k, [M o]

Steady-state assumption
2fk ,[1] = 2k, [M -F [m.]
Propagation rate (R )

SRS TRTO T B 1

dt k,




Trong thwc té s6 mii co thé khac:

Tong quét: R= KMI™[1]"

+m >1 (thuong 1,5-2) do:
-Hién tuong solvat hoa
-Tang, o nhot tang

-Mot so lién két vat Iy bén viing ton tai

. y
Ex: CH=CH-C



eXac dinhm, n

+Tién hanh céc thi nghiem:

+Gitr [1]=const
+Xac dinh:
~ Sau60s
M, " v, (mol/l.g)
M) Vo
M) V3
v=K[MTIT

> lgv=IgA + migM

* X4c dinh twong tw doi véi n

g [M]
48



* Gel effect, Trommsdorff effect, Norris-Smith effect

Occurs in bulk or concentrated solution polymerizations

nT = Chain mobility} = R,| = [M]1 =

R, T=> ‘ Release of more heat=» R T = R 1 \

Autoacceleration == Explosion

49



Céc yéu té anh hwéng dén qué trinh tring hep goc

a. Nhiét do:
Khi nhiét dé - ® van toc phan iing trang hep (v) -

b.Nong dd chat khoi mao

Nong do chat khoi dau [1] - : - Van téc phan tng v - -Khéi lugng phan ta polymer —

c. Nong d6 monome d. Ap suat
* & &p suat thap va trung binh thi khéng
Ndng d6 monomer [M] - : anh huong dén tién trinh phan ang

, *& &p suat cao (vai ngan at), khi ap svat - :
-Van toc phanang v - ,
-Van toc phanang v -

-Khéi lugng phan tir polymer - -Khéi luong phan tir polymer -

50



e. Tap chat va oxy

-Sy anh huong cuatap chat va oxy khéng khi phu thudc ban chat
monomer
-Oxy b 1am tang hoic giam téc d6 phan tng

-Anh huang dén cau tao mach polymer

-Tap chat thuong cd mat trong monomer, dung mdi, ...

51



Cac k¥ thuat trung hep (Polymerization Technigues)

-Gom nhirng cong doan sau:
Nap nguyén liéu va cac hoa chat can thiét
Gianhiét dén nhiét do phan tng
«Tién hanh tong hop
L oai b6 cac monome chua phan irng
Lam ngudi san pham
X uat liéu
-Quy trinh tong hop c6 thé: lién tuc, ban lién tuc hay gian doan
-Lién tuc vaban lién tuc thuan loi vé mit gia nhiét.
- Thoi gian luu anh hudng dén céc tinh chat san pham

52



Polymerization Techniques

e Bulk (Khoi)
 Solution (Dung dich)
Emulsion (Nhii Tuong)

«Suspension (huyén phu)

53



a. Trung hop khoi

N ‘ Monomer
*Hon hop phan rng gom: Initiator *Qua trinh phan trng thuong:

eMonomer l *Glanhiét

«Chat khai dau (néu cd) K hudy tron

*Uu diém:

*Phurong phap don gian

Van toc phan ang cao, do chuyén hda cao

Polymer c6 d6 tinh khiét cao

«C0 thé triing hop ngay trong khudn mau, tao san pham cé hinh th phuec tap.

Phé bién voi: Styrene, MMA, Etylene... >4



Tring hep khoi
*Nhuoc diém:
Do chuyén héatingb do nhét ting b kho thodt nhi ét b bi nhiét cucbd b d6
daphan tan lon 1

-Nén tién hanh tong hop trong thiét bi nho

-Khbng ché quatrinh phan tng véi toc do bé
-Durng & d6 chuyén héathap b thu hoi vatuan hoan monomer

«San pham dang khéi — lay san pham va gia cong khé khin

> Trung hop trong khuon mau: San xuat thuy tinh hitu co (Kinh xe hoi),

55



b. Trung hop trong dung dich

X 5 , A Monomer
*Hon hop phan ang gom: e *Qué trinh phan ung thuong:
Solvent i
*Monomer el *Gianhiat
«Chat khai dau (néu cd) — «Khudy tron
*Dung mai |
*Uu diém:

*Khong ¢o hién tuong nhiét cuc bo

*Phan trng xay ra ém diu hon

*Nhwoc diém:

KLPT

K6 loai dung mdi b phan hay, ~— tinh chat

*boc, gbathanh cao (khong kinh té), dé chay 56



100

c. Trung hep nhii tweng (Di theé)

100 102 10°  10* 10°  106(hm)
| | | | | |

Emulsion Suspension
polymerization polymerization
Nonaqueous
dispersion

Kich thwéc hat tiéu biéu dat dwoc trong trang hop di thé

S7



Trung hep nhi twrong
*Thanh phan:

*NwdC

Monomer

«Chat nhii hoa
«Chét khéi dau
«Chat diéu chinh pH

«Chat diéu hoa sic cing bé mat (ruou don chirc béo)

58



Preparation of Poly(vinyl chloride)

Vinyl chloride 100 parts
Water 200 parts
Ammonium stearate (surfactant) 3 parts

Potassium persulfate (initiator) 0.3 parts

59



Preparation of Poly(vinyl chloride)

Vinyl chloride 100 parts
Water 200 parts
Ammonium stearate (surfactant) 3 parts

Potassium persulfate (initiator) 0.3 parts

60



Trung hep nhi twrong

Chat khéi dau
«Chat kh&i dau hoa tan trong nwéc
DUNng phd bién:
+Mudi kali, natri, amoni persulfate

Tai pH>6, t~50°C, lién két O-O bi phan ly tao 2 gdc giong nhau
S0; ——20;
+Céac hop chat azo tan trong nwéc

VD: 2,2’-azo bis (2-amino propane) dihydrochloride

61



Trung hep nhi twrong
+H& oxy hoa khir voi cac peroxide

Exl: Fe®*+HO-OH ——HO + HO + Fe&*
HO" + M ——HO-M
ex2. 5,0 + Fe** —— SO? + SO, + Fe*

Ex3: SO, + M — SO,M

(C;H,COO),+ C4HN(CH 5),—* C;H,COO + C,H,CO0" +[C,H.N(CH ,),|'

C|3H3 (|:H3
Ex4:  CgHg- C- OOH + Fe™ — CeHs;-C- O 4 Fe’* + HO
CH, CH,

"0,S0080; + S,0.° — » 80, + S0, + +S,0;



Trung hep nhi twrong
Chat hoat déng bé mat /ﬂqum

«Cau tao phan tir gom 2 dau: , ,
Ky nwoc  a nwéc

e Trén nong do mixen gidi han (critical micelle

concentration — CMC)P  ton tai can bang:

chat nhi héaU tap hep (dang cau, ban) ] i. - H .
(50-150 phan tir, d=20-100 A) i}
*Vai tro: H“ | l] ]l =
+Lam ~sirc cang bé mat gitta hai pha nugc-monomer e
+Ta0 nén cac mixen dang phing (tam) hay dang cau M $3HE

+On dinh c&c giot monomer

B MriceleE Wical lex with menomer

+On dinh c&c hat polymer phét trién tao san pham on dinh 6




Trung hep nhii twong .00

- J-

. ~a
Monomer ¢ Y e L3 * 2
L o

L1

«C06 d6 hoatan tbi thiéu
Phan 16n hon di vao tdm micelleb  tang kich thudc micelle
Phan 16n nhat phan tan dang giot 6n dinh nho chat nhii hoa,

d>10000A
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Trung hep nhi twrong

Trung hop nhi twong trai gua 3 giai doan:

+Giai doan |: C&c hat polymer bat dau dugc hinh thanh
+Giai doan I1: sy 16n dan cua cac hat polymer vai sy cung cap déu din
monomer

+Giai doan I11: sy cung cap monomer dirng, do vay toc do giam dan
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Trung hep nhi twrong

+Giai doan I: Hinh thanh cac hat polymer

Goc tw do dwoc hinh thanh trong pha nwéc

«Cac gbc tw do khuyéch tan vao vao bé mat mixen (ti 1& dién tich/thé tich cao), khoi
mao phan rng trong mixen

Kich thwéc cac micelle ting nhanh (nhwng van <kich thwoc giot) khi TH xay ra tao
cac hat latex chira polymer va monomer

«Monomer trong micelle tham gia phan &ng dwoc bd sung bang monomer khuyéch tan
tlr cac giot

«Chét nhii héa tr pha nwéc dwoe hap phu Ién bé mét cac hat latex cang nhiéu dé én
dinh cac hat dang phat trién

Khi néng dd chat nhi héa gidm xudng bé hon CMCP khéng xuat hién thém nhirng

hat latex mai (& d6 chuyén hoa 10-20%) 67



Trung hep nhi twrong

+Giai doan II: sy I&n dan cla cac hat polymer

«Qua trinh phat trién mach polymer tiép tuc xay
ra

*S6 hat latex ko doi

«CAc giot van cung cap déu dan cadc monomer
cho micelleb téc d6 phan ng ko doi

Tring hop tiép tuc xay ra chd yéu trong nhirng
hat polymer trwong trong monomer

Khi cac giot bién mat dan (dd6 chuyén héa 60-

80%)

Moo M
8 .

monomer swallen po ymer parick

The 1

(Méi hat chiza 1'gocH

Figure 3: Stage Il of the emulsion
polymerisation process.
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Trung hep nhi twrong

+Giai doan Ill: ngirng cung cap monomer b két thac pw

«Cé&c giot bién mat hoan toan

« Toan bot monomer nam trong micelle
Toc d6 tring hop giam dan (ndong do
monomer trong mixen )

*Céac hat latex polymer co kich thudc 16n

hon micelle ban dau nhung nhé hon giot

Figure 4: Stage lll of the emulsion
pulymerisalion process.

§ Cac hat latex tich dién giong nhau nén day nhau kho keo tub dung chat
diénly manh

§(muoi kimlogi kiem, acid mgnh dé phé latex va thu polymer) 69



Trung hep nhi twrong
*Uu:
«San pham cudi cing lalatex polymer véi nong do cao (70-80%) — Latex tong hop
O thé dem di sir dung ngay (son, muc in,...), hoac téch polymer (tong hop PVC,
PS,...)

+Thoéat nhiét phan ang dé dang hon,
e Phan ¢thg xay raé do nhat thap +Tao polymer c6 KLPT cao hon

(ngdt mach it xra)
+D¢ chuyén hoa monomer cao trong

khoang thoi gian ngan
Hiéu qua kinh té cao
* Nhueot:
«Tap chat nhiéu (do keo tub dhtchdt dién)
«Kich thuéc hat bé (<TH-S)b ton that khi siy, ly tam
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Monomer
d. Trung hep huyen phu Chat 6n dinh huyén phu
Chat khoi dau

=N=
-----
ek

d=0.001-1cm
Thanh phan: ettty

Monomer: styrene, methyl methacrylate, vinyl chloride, vinyl acetate
«Chat 6n dinh huyén phu:

+ polymer wa nudc: polyvinyl acol, polyvinyl pyrolidone, tinh
bot,...

+Cé&c mubi vo co: bot talc
«Chat khai dau: tan trong monomer ( azo, diazo, peroxide,...)
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Preparation of Poly(vinyl chloride)

Vinyl chloride 100 parts
Water 180 parts
Poly(vinyl alcohol) suspending agent) |0.04 parts
Trichloroethylene (transfer agent) 0.2 parts
Lauroyl peroxide (initiator) 0.2 parts
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*Co ché:
«Giong tring hop khoi, mdi giot xem nhu 1a mot binh phan tng
huyén phu trong nuéch  tring hop khéi trong giot
«Chat 6n dinh dugc hap phu trén bé mit monomer
«Chat khai dau tan trong monomer khoi mao cho phan tng triing
hop xay ratrong cac giot monomer tao nén cac tiéu phan hay céc
hat hinh cau (polymer)
«Céc tieu phan hay céac hat hinh cau ndy dé téch ra khi ngirng khuay

vakhong can dung chat déng tu dac biét
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*Uu:
*Phanudc b Do nhét thap, thodt nhiét dé

K héi luwong phan ti cao
Do daphan tan nho

«C6 thé diing truc tiép dé 1am son, keo

*Nhwoc:

K héng thé tring hop céac polymer co tg < nhiét do tring hop b xay ra
két taa

«Tach valam sach polymer, hoac chap nhan lugng tap chat nhat dinh

*K ich thwoc hat (10-1000nm) phu thudc:

T6c do khuay tron

*Nong do valoai chat 6n dinh
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So sénh giita TH nhii twong va TH huyén pha

TH nhii twong TH huyén phu
«Chat khoi dau tan trong nuac «Chat khoi dau tan trong monomer
*Kich thudc hat polymer bé hon *Kich thudc hat polymer 16n hon
*TH xay ratrong cac mixen *TH xay ratrong giot
«San pham chaa nhiéu tap chat hon «San pham tinh khiét hon

Emulsionspolymerisation

-H-D = - — B
: | M+Re == Ca |_ = — =53
- = I M - i e
‘ - == — De -
v B NLE oW =
B 7w Il ol S
M = Monomer
| = lnitiator
O = Dligomer NN

R = Radikal = Polyvinyl-

[ = seifenmolekui alkohol 75




Techniques of Free Radical Polymerization Techniques

Method Advantages

Disadvantages

Bulk Simple
No contaminants added

Suspension Heat readily dispersed
Low viscosity
Obtained in granular form

Solution Heat readily dispersed
Low viscosity
Used directly as solution
Emulsion Heat readily dispersed

Low viscosity
High MW obtainable
Used directly as emulsion.

Rxn exotherm difficult to control
High viscosity

Washing and drying required
Agglomeration may occur
Contamination by stabilizer

Added cost of solvent

Solvent difficult to remove

Possible chain transfer with solvent
Possible environmental pollution

Contamination by emulsifier
Chain transfer agents often needed
Washing and drying necessary




