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Polyme tong hep: PE, to nilon, cao su buna, nhya phenol formaldehyde,

PVC, PS, PP, ABS, silicone,...

oolydimethylsiloxane (PDMS) 140~ Yo 1~
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KHOI LUONG PHAN TU POLYMER
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C6 2 cach xac dinh khoi lwgng trung binh phan tir polymer:
- Tinh theo phan mol: M,,
- Tinh theo phan khéi lweng: M,



KHOI LUONG PHAN TU POLYMER
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Molecular weight ——
N; =so phan ti#i co khéi lweng M,
X, = phan mol cia so phan tiz i co khoi lweng trong khoang M.
w; = phan khoi lweng cia so phan tiz i co khoi lweng trong khodang M.



Vi du: tinh

Khoi Tugng trung binh cia sinh vién trong 16p

Sinh vién

Khéi luong (Ib)
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Tinh khéi lweng trung binh cia sinh

vién:

a) Duwa trén ti [&¢ s6 sinh vién trong
mdi khoang khoi lweng?

b) Dwa trén ti 1&é khoi lweng cia sinh

vién trong mdi khoang khoi lweng?



KHOI LUQNG PHAN TU POLYMER
Giai: Pau tién chia SV theo khoang khoi fuong cach nhau 40 ib.

Khoang K.lwong Phansd Phan ¥ = N NW.
£ 3 I ) W =-w—"—""
kilwong SO SV trung binh  lwong k.wong aN " aNw
Ni Wi Xi Wi | |
81-120 | 2 110 02 | 0117 O
121-160 2 142 0.2 0.150 X81- 120 — E =0.2
161-200 3 184 0.3 0.294
201-240 2 223 0.2 0.237
241280 0 - 0 0.000 _2x110 _
= =0.117
281-320 0 - 0 0.000 1881
321-360 0 - 0 0.000
361-400 1 380 0.1 0.202 P
Mnpn=4xM. =188lb
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10 1881 1 =5 5

188.1 217.75297




KHOI LUONG PHAN TU POLYMER

lwgng
trung binh
PVC theo
so liéu cho

kem?

Molecular Weight Mean M,
Range (g/mol) (g/mol) X; x;M;
5,000-10,000 7.500 0.05 375
10,000-15,000 12,500 0.16 2000
15,000-20,000 17,500 0.22 3850
20,000-25,000 22,500 0.27 6075
25,000-30,000 27,500 0.20 5500
30,000-35,000 32,500 0.08 2600
35,000—40,000 37,500 0.02 750
M, = 21,150

Molecular Weight Mean M;
Range (g/mol) (g/mol) w; w;M;
5,000-10,000 7,500 0.02 150
10,000-15,000 12,500 0.10 1250
15,000-20,000 17,500 0.18 3150
20,000-25,000 22,500 0.29 6525
25,000-30,000 27,500 0.26 7150
30,000-35,000 32,500 0.13 4225
35,000-40,000 37,500 0.02 750




MUC PO TRUNG HQP

Miic do tring hep (Degree of polymerization): sé mer hay sé mat

xich trong phan ti polymer

S

DP =

m
m la khéi lweng ciza 1 mdt xich (mer)

VD: tinh DP ciza PVC theo sé liéu bang trwéc

m = 62.496 g/mol

pp o Ma _ 20150 g/mol _
m 6250 g/mol
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Chdt lam day — Fillers:

+ Muc dich: ting cuong co tinh (kéo va nén), chong ma mon, tinh bén
dal, tinh déo, bén nhiét va giam gia thanh,...

+ VD: mun cua, bot silica (cét), vun thay tinh, dat sét, bot talc, da véi,
polymer khac,...

Chadt |am déo — Plasticizers:

+ Muc dich: chat héa déo 1am giam nhiét do thuy tinh héa T, va nhiét
do nong chay T, caa polyme. NO lam giam tinh citng nhung tang tinh
bén, dai, déo, mém caa vat liéu.

+ Chat héa déo thuong 1a este cia cac hop chat hitu co nhu DBP -
dibutyl Phtalat, DOP - dioctyl phtalat, DIOP - diizooctyl phtalat...

+ Ung dung: man mong, & mua, 6ng, man cira,...



_ 12

Chat tao mau — Colorants: thuéc nhuém (dye) hoic bot mau (pigment)
Chat én dinh — Stabilizers:

+ Muc dich: gitp tang tudi tho caa polymer khi lam viéc dudi moi
truong anh sang, nhiét, buc xa

Chat chéong chay — Flame Retardants:

+ Muc dich: chat chéng chdy phai ¢6 nhiém vu 1a 1am cham, ngan can
va dap tat quatrinh chay

+ Tao |6p bao vé trén bé mat pha ran: ngan can sy tiép xUc cia oxi V4i
bé mat polymer, tao thanh mot |6p cach nhiét.
+ Dap tat goc tu do hoat dong trén pha khi: phu gia co chira halogen va

photpho c6 thé téc dung véi cac goc tu do ndy dé tao ra cac chat it hoat
dong gop phan ngan can su chay.



HINH DANG PHAN TU POLYMER

@ Hinh dang cua chudi polymer nhu hinh
gap khic va xoan, c&c nguyén ti cachbon
co thé quay quanh truc lién két C-C.

@ Chudi polymer ciing co thé cudn lai

theo hinh dang khac nhau




CAU TRUC PHAN TU POLYMER

Mach thang (linear)
VD: HDPE, PVC, Nylon, Cotton
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T

Mach nhanh (branc

VD: LDPE
Lién két ngang (crosslink) e O
VD: cao su lwu héa . " I ¥
¢ N2 !
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0099 Mang lwéi (network) *
VD: nhwa epoxy, phenol for maldehyde

SO0000 00000000
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COPOLYMER
+ Sap xép ngau nhién (random) M
VD: cao su SBR, NBR Ngau nhién
+ Sap xép xen ké (alternating)
VD: nhya PET W

+ Sap xép theo nhom (block) Xen ké
VD: Pluronic P123, triblock polymer ..-"'.””“““"»«n'
HO(CH,CH,0),,(CH,CH(CH)O),(CH,CH,0),H Nhom

+ Sap xép dang nhanh ghép (gr aft)
VD: HIPS (high-impact polystyrene)

Tqo thanh tez nhanh chinh styrene va nhanh ) )
Nhanh ghép
ghép butadien

fdl



LIEN KET TRONG PHAN TU POLYMER

Bao gom céc lién két C-H, C-F, C-Cl, C-C, C=C, C=C, C=0, C-N,...

Gom cac lién két o valién két

orbital p

Ethylene orbital p, orbital p,




LIEN KET CAC MACH POLYMER

(0 Gom lién két VVan der Waals, lién két hydro, lién két cong hoa tri
U Lién két ngang lam ting d§ bén nhiét, d§ bén co, kho hoa tan, giam

tinh déo cua vat liéu
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SU BIEN DANG CUA POLYMER

Khi c6 luc tac dung, polymer bi bién dang khong thugn nghich (mach
thang) hay thu@n nghich (mach c6 lién két ngang) & tgo tinh dan héi

Kéo

>
&

) Colai
V/éi bién dang thugn nghich c6 3 truwong hep: dan héi cao, hién tweng hai
phuc va hién tweng tré (hoi phuc khéng hoan toan)



CAU TRUC TINH THE POLYMER

(@) Celuloss fibers

< 0.741 nm =~ 0.494 nm

Oc o+




CAU TRUC TINH THE POLYMER

Polymer Crystal Structure Lattice Parameters (nm)

Polyethylene Orthorhombic dg = 0.742 by = 0.495 ¢y = 0.255
Polypropylene Orthorhombic aop = 1.450 bg = 0.569 ¢y = 0.740
Polyvinyl chloride Orthorhombic dgp = 1.040 by = 0.530 ¢ = 0.510
Polyisoprene (cis) Orthorhombic dp = 1.246 by = 0.886 ¢y = 0.810

Fe,C — cau tric tinh thé truc thoi (Orthor hombic)



CAU TRUC TINH THE POLYMER

@ Anh chup tr kinh hién vi dién tr caa PE multilayered single
crystals (chain-folded layers)

@ Qué trinh hinh thanh don tinh thé PE phai dugc thuc hién cham va
diéu khién can than

~
N A ~ {
N A s W A N /
hnﬂghﬁ%nﬁgﬁ ~ 10 nm
N~ NN "
N~ ﬁnnn
m nf"\n
s A

Cau truc chudi dang nép
gap tao thanh tam méng




CAU TRUC TINH THE POLYMER

Polymer hiém khi dat 100% cau
tractinh thé

(1 Rat kho cho tat ca cac cac ving
cta vat liéu ma céc chudi sap
xép thang hang

(0 b6 tinh thé (Degree of
crystallinity) duoc biéu dién
nhu 14 % tinh thé.

(1 Mot va tinh chat vat Iy phu
thudc % tinh the.

(1 Qué trinh x& 1y nhiét phét trién
vung tinh thé va tang % tinh
the

Region of high
crystallinity

Vung tinh thé

N
o

W»

Vung vo dinh hinh
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POLYMER BAN KET TINH

Direction of Lamellar S ONAAL oAt Tl 2 N
spherulite growth  chain-folded i MOt vai bén tinh thé duoc hinh

crystallite thanh ¢ dang cau

Amorphous
material

(1 Gitranhitng 16p don tinh thé 14
vung vo dinh hinh

{1 Toc @6 hinh thanh tinh thé hinh
cau tuong doi nhanh

Tie molecule

Interspherulitic
boundary




ANH HUONG CUA PO TINH THE
SV tw nhgn xét !!

100 | |
Nhwa cirng
2 75—
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S Chat déo mém
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o
25 — —
0 | | | | |
0 500 2,000 5,000 20,000 40,000

Khéi lweng phan tir
Anh hwéng cia @6 tinh thé va khoi lweng phan tir 1én tinh chat cia PE



TRANG THAI CUA POLYMER THEO T

Nhiét dg

Trang thai ndng chay

Nhiét do nong chay

e m— — — — — — — — — — — — — — — — — — — — — — — ——

— — — — — — — — — — — — —— — S— — — — S— — — m— —

Nhiét dé chuyén thay tir

Trang thai thay tinh

h

25

Trgng théi tinh thé




TRANG THAI NONG CHAY

Hién tuong nong chay duoc giai thich 1a do su pha hay caa cac lién két yéu

Van der Waals giita c&c mach va cau trdc polymer khong con trat tw. Vay
moi yéu to 1am giam lién két yéu ndy déu lam giam nhiét dé nong chay
(Tr).

- Mach nhanh: giam hiéu qua sap xép cia mach, @0 mach nhanh tang,
T, giam.

- Khaoi lwgng phan tir ting: T, ting do phan cuoi cia mach la phan tu do
dao dong, néu chiéu dai mach tang 1én, sé cudi mach giam di, nang lugng
tang.

@ T. cua polymer nam trong mot khoang nhat dinh chir khong phai tai

mot giatri nhat dinh do ban chat polymer khéng dong nhat.



TRANG THAI THUY TINH

Trang tha thiy tinh (cia polymer vé dinh hinh va polymer ban két tinh)

latrang thd ma chi co nhitng nguyén tir, phan ti chuyén dong quanh vi tri can

bang caand. O trang thé thay tinh vat liéu rat cirng va gion.

Céc yéu to anh hwéng dén nhigt dg chuyén thiy tinh (T ):

U D6 memdeo ciia mach: d6 meém déo giam, T, tang

O Kich thueéc nhémthé: kich thuéc nhdm thé cang 16n, @6 linh dong cang
giam, T, tang

U D¢ phan cyc ciia nhém the: nhém thé cang phan cuc, T, cang tang

U Khoi lurong phan tir: khoi luong phan tir cang Ién T, tang. Nhung tang dén

giatrinh nhét dinh, khi khdi lvong phan ti tang T, khong doi.



TRANG THAI KET TINH & MEM CAO

Treng théi két tinh: lam mat tinh chat dan hoi cao, ting do cang,

tang modul dan hoi valam giam kha nang bién dang cua polymer.

Trang tha mém cao (chdt déo): la trang thd dic biét chi co &
polymer, cé tinh chat nim gitta trang thé ran va long, cd kha niang
thay doi va phuc hoi hinh dang 16n duéi tac dung cia mot luc nho

(cao su)

— Can x&c dinh nhiét @6 nong chay va nhiét d@é chuyén thuiy tinh caa

chat déo dé xac dinh nhiét dé lam viéc thich hop.



VD: T, & T, MOT SO POLYMER

Nhiét do chuyén Nhiét @6 néng
Polymer thay tinh [°C chay [°C (°F)]
Polyethylene (low density) —110 (—165) 115 (240)
Polytetrafluorocthylene —97 (—140) 327 (620)
Polyethylene (high density) —90 (—130) 137 (279)
Polypropylene —18 (0) 175 (347)
Nylon 6,6 57 (135) 265 (510)
Poly(ethylene terephthalate) (PET) 69 (155) 265 (510)
Poly(vinyl chloride) 87 (190) 212 (415)
Polystyrene 100 (212) 240 (465)
Polycarbonate 150 (300) 265 (510)

So sanh va gidi thich ly do khac biét T, & T, caa cac polymer!!



SU THAY POI KHOI LUONG RIENG

SV tw nhgn xét !!
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ANH HUONG CUA K, LUONG POLYMER
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NHUA NHIET DEO

@ Nhwa nhiét déo (thermoplastic) 1a mét loai nhya chay mém thanh
chat l6ng dudi téc dung cua nhiét 3o cao va dong ran lai khi [am
nguol

U Nhya nhiét déo gom nhiéu chudi phan ti lién két véi nhau bang céc
lién két Van der Waals yéu, lién két hidro, tuong tac gitra cac nhom
phan cuc va ca su xép chong cua cac vong thom.

— CO khd néng téi ché

VD: PE, PP, PS, ABS, SB, PVC, PVAc, PET, Nylon,...




NHUA NHIET RAN

Nhea nhiét ran (thermosetting plastic) 1a loai nhua khi gia nhiét s
ran citng, khong thay doi hinh dang do cau tric polymer ¢ dinh, néu
tiép tuc gianhiét nd s8 bi pha hiy hon 1a néng chay.

Ly do: mac do lién két ngang (crosslink) cao nén co do citng hda hoc
vabén nhiét (thuong trén 200 °C).

VD: nhua phenol-formaldehyde, nhura epoxy, cao su luu hoa,..

Nhuoc diém: kho tai ché — céch tan dung??

polymer chain

HEAT

cross-link












A Chudi dai xellulozo (cellulose) véi lién két H

Xellulozo 1a vat liéu hitu co pho bién nhat trén trai dat.
Tao thanh go, giay, s¢i béng






HIGH-DENSITY POLYETHYLENE (HDPE)

Do trung hep: 10,000 — 100,000




_-5!_40

Ultra-high-molecular-weight polyethylene (UHMWPE)
Do trung hep: 2-6 million

' Thay thé khép
Xwong
Non bao ho Banh rang
R T =
e




' PVC - PQLYYINYL CHLORIDE

Do trung hop: 4,000 — 5,000
Khé phan cuc & Lién két ngang manh




PETE — “POLYESTER”

COoH

Ester
i oH

Polyethylene Terephthal ate terephthalic acid
Do trung hop: 4,000 — 8,000
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Lién két cong hda tri manh va
lién két H

Ung dung lam vat liéu bao vé



NHUA ABS
NWCHZ HZCV\\CH2

acrylonitrile 1,3-butadiene

styrene

Acrylonitrin butadien styren (ABS) co cong thac hdéa hoc (CgHg:
C,Hgs C;H3N), [amot loal nhya nhiét déo

Uu diém: nhe, cang, dé uon, chiu va dap tot

Ung dung: 1am 6ng, dung cu 8m nhac, dau gay danh golf, cac b phan tu
dong, vo banh rang, |6p bao vé dau hop so, do choi, trong ma dién,...



