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IR opiera sie na interakcji pomiedzy promieniowaniem

podczerwonym a czgsteczkami (= grupa dwdch lub wiecej
atomow utrzymywanych razem wiqzaniem chemicznym)

Promieniowanie podczerwone jest wchtaniane przez
materiat i iloS¢ wchionietego promieniowania jest

mierzona jako funkcja en
Promieniowanie jest wch

czestotliwosc pokrywa sie
chemicznego czasteczki

WCh’fOﬂiQte promieniowamc JesL vuswierLieulvlie
przez ,,skok” na wykresie (=widmo IR)



e Drgania wigzan moga byc:

)

— Rozciggajace

— /ginajace

— W ptaszczyznie
— Poza ptaszczyzna
— Symetryczne

— Asymetryczne

— Stabe/srednie/mocne

; T
- O O
\C—O 7N // \\
Yz — H H H H
H N ¥
Stretching Bending Stretching

0O
N -~
H H R—0O-—-H
Symmetric stretching Asymmetric stretching

CHa CH;  CHs CHs
\C=C/ \C=C/
/N /N

CHs H CHa H

’ /

Out-of-plane bending In-plane bending



* Analiza widma (=wykresu) polega na odpowiednim
przypisywaniu ,,skokow” do drgan czgsteczki

e Moze byC wiele rodzajow drgan nawet dla prostych
czasteczek

e Skoki na widmie moga sie pokrywac co utrudnia
analize
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* Przenikanie (Tr)
e Ostabione catkowite odbicie (ATR)
e Rozproszone odbicie (DRIFT)

Transmission ATR DR

Sample
Sample
IR beam A IR detector
/ — \

IR beam To IR detector N \
i i Diffuse reflections
i iffu i
i TNATR crystal 1/
= W
; N
i u

'\T IR beam I To IR detector
KBr windows

ﬁ Source Interferometer Sample Detector Amplifier Analog-to-digital Computer
converter




)

Indeks (pole powierzchni po

catlkowaniu)

Cukier w wodzie

’ 15; 4,295
/12,- 3,298
9; 2,197
5 6; 1,188
.' 0; -0,183
0 5 10 15
% cukru

20



0.3 T

2600

Vas CHz % Ve CH2
0.25r \ 1
o CHa 8
Integration &
7 0.2} Areas c::._\ N \ i
‘e \ \\'\t“
% \‘\ \\“"w 8
§ 0.15F ‘ T & 1
S \ H“"‘-u.
5 0.1f \ i
v OH v OCH
— lv CH(ar)
0.05} \ - -
\\ [1s) 8 o
: g\ = 8 S
I E’—=— . m | 1 1
3%00 3600 3400 3200 3000 2800

Wavenumber [1/cm]

0.16

o

_

M
T

Absorbance [units]
S
&

0.04

1698

1%00

1200 1000 800 600
Wavenumber [1/cm]

10



Table 4.3 Characteristic infrared bands of oxygen-containing

compounds

Wavenumber (cm™)

Assignment

3600
3550-3500
13001000

1100

2900-2700
17401720
1730-1700
1720-1680
1700-1680

17501730
1730-1705
1310-1250
1300-1100

3300-2500
1700
1430
1240
930

1840-1800
1780-1740
1300-1100

Alcohol and pheneols
Alcohol O-H stretching
Phenol O-H stretching
C-O stretching

Ethers
C-O-C stretching

Aldehydes and ketones

Aldehyde C-H stretching

Aliphatic aldehyde C=0 stretching
Aliphatic ketone C=0 stretching
Aromatic aldehyde C=0 stretching
Aromatic ketone C=0 stretching

Esters

Aliphatic C=0 stretching
Aromatic C=0 stretching
Aromatic C-O stretching
Aliphatic C-O stretching

Carboxylic acids

O-H stretching

C=0 stretching

C-O-H in-plane bending
C-0O stretching

C-O-H out-of-plane bending

Anhydrides

C=0 stretching
C=0 stretching
C-0O stretching

g %0, I W

O'\-H
Poly- Phenolic 2-Quino- Pyrrolic  Pyridinic
Nuclear (1) lone (1) (1)
Aromatic Type (1)
m
o
=
. Ao L, &
e Xo—
. G o O—H -
Sulfide Sulfoxide Anhydride Carboxylic Ketone
() (2) (2) Acid (1,2) (2)

(1) Naturally Occurring
(2) Formed on Oxidative Aging

Fig. 2. Functional groups present in bitumen reprinted from [26] with permission by
National Academy of Science.
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Table 2(c) Double bond and fingerprint region (1700-1300 cm™') functional

group correlation chart
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e Przyktady

— Lepiszcza (daktyloskopia,
wykrywanie, ilosciowanie)

— Mieszanki (wykrywanie,
iloSciowanie)

— Destrukt asfaltowy

— Zaawansowana analiza (2D = =~

CS, PCA)

— R6zne materiaty budowlane
— W laboratorium i w terenie

)
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Section 0901 (no RAP)

Carbonyl Peak [au]

Depth [mm]
o
Y

Depth [mm]

A= -0.03IN(x)+0.111

45 _ I Re=0699

Odcinki LTPP, 12 lat

Section 0962 (20% RAP)

Carbonyl Peak [au]

0 0.05 0.1 0.15

fy=-0.03In(x) + 0.134
! R*=0.321

17



)

¥-64-22 1% SBS
0.8 ¥64-223%5BS
—64-22

RTFO

RTFO+PAV20

RTFO+PAV48

1 . .
' 52-34 1.5% Lat
| 464-28 3.3% Lat
¥ 58-28 1.5% But
& 58-28 3.3% But
0.6} —58.28

b

o

- ﬁg;d___R_go

RTFO+PAV20

C=0

Grupa hydroksylowa (OH), ketonowa (C=0) i sulfotlenkowa (5=0)

RTFO+PAV48

(]

2.

(4]

lgo [%]
o

¥64-22 1% SBS
" 4964-22 3% SBS
—64-22

Unaged RTFO RTFO+PAV20 RTFD;PAV%

(5]

2.5

lso (%]
3

0.5r

1.5r

¥ 5234 1.5% Lat
| 4 64-28 33% Lat
¥ 58-28 1.5% But
| 4 58-28 3.3% But
—58-28

Unaged  RTFO  RTFO*PAV20 _ RTFO+PAV4S

$=0

18



76.0 : : : 0.00E+00
! - Conn 64-22¢
PG1_RTFO = 1.44x - 26.56 ;
R2=0.86 » AAK
; e AN ' @ Conn64-32
70.0 - beeeerenaeeeneeeecd R - 1.25E-05
s ., mpAK
’ i
o @ PRS-
L
—
E 64.0 g L 2 50E-05
o Conn58-28¢ o
-/ !
1 s . 1
58.0 4oy M ZONN 5828 fomemnmen oo L 3.75E-05
- AAC/ m AAB |
WM nap |
; “r-,,= -3E-06x + 0.0002
= R2=0.78
52.0 : : : 5.00E-05
52.0 58.0 64.0 70.0 76.0
PG1_Original

Asfalty o wiekszym sredniej masie czgsteczkowej (Mw)

rcA

starzejg sie wolniej
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FTIR MICROSCOPY of PmB’s
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DETERMINING POLYMER ADDITIVE PERCENTAGES IN POLYMER
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meaningful specifications. The current specifications for petroleum

asphalt are little more than a quality control exercise for the refiner’s

vacuum crude tower operations, hence there is little or no distinction

among asphalts other than a set of viscosities at two elevated
temperatures and a mix plant oxidation susceptibility. That is, all of

many asphalts may be classified as, for example, AC-20, and all will be

applied as if they are a single material. Yet, their performance

characteristics in pavements often vary gquite significantly. The results

of using poorly classified asphalts have been rude and costly surprises
in the form of various types of early failures with increasing frequency.
It behooves the user, therefore, to determine what properties of asphalt
binders are reflected in pavement performance and then select binders

which have desirable performance properties. From a practical viewpoint,

no doubt many petroleum residua will require modification to prepare

asphalts that have desirable performance characteristics.

N
A Ray Robertson, WRI, SHRP A 510, 1991 29




