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#£— 5 Results of Polymer Analysess)

Composition, mole % Gel frac- Intrinsic

Polymer R o/| viscosity,
Isoprens |Butadiene| Styrene | %% wt% dl/g
cIr” | 100 - 0.0 3.85
EIR" | 100 - - 0.0 2.41
SIR-4 83 - 17 0.0 3.17
SIR-5 44 - 56 0.0 1.72
SBR-7 - 85 15 1.9 3.50
SRB-8 - 54 46 1.1 2.92

a)Microstructure determined by NMR measurement is as fol-

lows : cis-1,4=98.0%; trans-1, 4=1.5%;3,4=0.5%.

b)Microstructure determined by NMR measurement is as fol-

lows : cis-1,4=21.8%; trans-1, 4=69.3%;1,2=
3.7%.
) B LTHRETYE 7T I 2y 2 AMSBRY T v 7 AD
MR 7F L 2 T5~T79/ AF L 26—~21ThH B,
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15  POLYMER
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po/qo
—
<
T

BUTADIENE

0.5 POLYMER

I
0.0 20 40 60

Styrene fraction {mole %)

B — 4 Relationship between probability ratio of
chain scission to crosslinking and compos-
ition of the emulsion polymers for oxida-
tion by heat aging on films : po/go =proba-
bility ratio of chain scission to crosslink-
ing.S)

2.0
1.5F
ISOPRENE
POLYMER
s 1.0
=
&
0.5 BUTADIENE
POLYMER
I 1
0-04 20 40 60
Styrene fraction (mole %)

B— 5 Relationship between probability ratio of
chain scission to crosslinking and compos-
ition of the emulsion polymers for oxida-
tion by ultraviolet irradiation on films *
po/go =probability ratio of chain scission
to Crosslinking.s)
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= 120
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Concentration Ratio
Asphalts Aggregates Car- Dicar- | 2-Quino- Sul-
Ketones boxylic boxyl.ic lone foxides Sulfur | Nitrogen
Acids | Anhydrides | Types
Quartzite 15 2.3 20 10 10 4.6 1.18 3.15
B-2959 Hol linstone 2.1 >60 >36 20 3.4 1.17 2.73
Riverton limestone 2.4 25 27 30 4.1 1.19 2.45
Granite 1.8 18 6.7 6 3.3 1.06 2.24
Quartzite 15 2.5 15 7.5 >10 4.3 1.27 3.12
B-3036 Hol linestone 2.3 55 30 20 3.0 1.08 2.92
Riverton limestone 3.0 >30 >27 >20 4.5 1.24 3.88
Granite 1.8 30 9 >10 3.1 1.09 3.40
Quartzite 15 2.4 7.9 8 5 2.9 1.03 1.89
B-3051 Hol linestone 1.9 18 8.5 10 2.9 0.95 1.63
Riverton limestone 2.3 14 17 7.5 3.8 0.94 1.89
Granite 1.8 4.3 5.6 3.8 2.8 0.87 1.75
Quartzite 15 1.9 6.6 5.4 3.0 2.2 1.28 1.20
B-3602 Hol linestone 1.1 11 5 2.9 0.9 1.03 0.99
Riverton limestone 1.8 6 8 3.3 1.9 1.38 1.46
Granite. 1.6 4.8 3.0 2.1 1.29 0.99
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Aromatic fractions of Kuwait vacuum residue

CHa(CHa)e I:l (CHz)r CHs
J

(CHz)s CHs
(CHz)d

"'!.mmnma

at+b+ctdtetft+g=29

CHs(CHz)a
CHa(CHz)b

C82 H114 SZ
Naphtha cracker bottom
Cas Has
B—-7 TA77nbEF 7 THREMOEEEE €
TN I #K
R—6 NMREMGEMITICLEZT A7 70 &
F 7 IRTR W H R
Aromatic Fractions| Naphtha Cracker
of Kuwait Vacuum Bottom
Residue (b.p. 350°C<)
Parameters Based on Based on Based on | Based on
Observed Proposed Observed Proposed
D Model of | =27 T Model of
ata | Molecule ata | Molecule
fa 0.36 0.36 0.76 0.71
g 0.45 0.44 0.28 0.25
Hau/(Ca+S) 0.59 0.60 0.79 0.80
Cwn 0.24 0.23 - 0.25
Ra 3~4 3.5 2 2
n 7 6.8 1~2 " 2
Molecular
Weight 970 1,162 340 362

fa  Aromaticity.

o : Degree of the substitution of aromatic system.

Hau/{Ca—S): Atomic hydrogen to carbon and sulfur ratio
of the hypothetical unsubstituted aromatic meterial.

Cp: Weight percent of naphthenic ring carbon.

Rn: Number of aromatic rings.

n : Average numbers of carbon atoms in aliphatic carbon
chains attached to aromatic rings.

TN TR ESREN I, ZOPTRIZT X
TN EDGITIEL Tw b EBb s FiEL, NMR
DT —F —%FICHAT S H- NMRi%E, *C-NMR i, &
HBETH 5,
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@1 (4 1)
1 # 268 2,731 0 2,999 2,731 (117.7) 0 2,731 268 2,999
53| T 268 2,713 0 2,981 2,707 (110.7) 0 2,707 274 2,981
2t 268 5,444 0 5,712 5,438 (114.1) 0 5,438 274 5,712
ORHEL (10A)
3 289 2,661 0 2,950 2,635 (113.6) 2,635 312 2,947
53| F# 312 2,603 0 2,915 2,634 (107.7) 0 2,634 281 2,915
=t 289 5,264 0 5,553 5,269 (110.6) 0 5,269 281 5,550
@HEREL (1258)
-1 287 2,661 0 2,948 2,635 (113.6) 0 2,635 312 2,947
53| 312 2,462 0 2,774 2,493 (102.0) 2,493 281 2,774
it 287 5,123 0 5,410 5,128  (107.6) 5,128 281 5,409
[ B
+# 19 AT70 0 A 51 N 96 0 A 96 44 A 52
53| T #4 44 A251 0 A207 A214 0 A214 7 £207
it 19 321 0 302 A310 0 A310 A303
M) 1. B3 R COERTHY), 9 RZOMTNNT > AL L,
* BT 2L X —IF AR R R
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HHE N % &/ (Fton) % 53 . (%) T O OEE b (%)
Z b V-3 T ) x b -7 A Ta—r . 2 k-7 R Ta— .
. - A e N = SRR AR & |— it
A —ixH | TR | |7 Z —WH | T¥H| i |7 =z | T¥ER| B |7 =2
8 4,648 | 148 | 4,796 | 350 | 5,146 | 90.3| 2.9] 93.2| 6.8 100.0 | 106.9 | 308.3 | 109.1 | 111.1 | 109.2
49 4,209 | 136 | 4,345 | 241 | 4,586 | 91.8| 3.0] 94.8| 5.2]100.0] 90.6| 91.9| 90.6 | 68.9] 89.1
50 3,576 | 189 | 3,765 | 251 | 4,016 | 89.0| 4.7 | 93.7 | 6.3 |100.0 85.0|139.0 | 86.7 | 104.1 | 87.6
51 3,627 | 209 | 3,836 | 264 | 4,100 | 88.5| 5.1| 93.6 | 6.4 | 100.0 || 101.4 | 110.6 | 101.9 | 105.2 | 102.1
#2076 113 |2,189 | 131 |2,320 | 89.5| 4.9 | 94.4| 5.6|100.0 113.8|121.5 | 114.1 | 105.7 | 113.6
52 | FH#1| 2,166 | 122 |2,288 | 157 | 2,445 | 88.6 | 5.0 | 93.6 | 6.4 |100.0 || 120.2 | 105.2 | 119.3 | 112.1 | 118.8
it | 4,242 | 235 |4,477 | 288 |4,765 | 89.0| 4.9 | 93.9| 6.1]100.0 || 117.0 | 112.4 | 116.7 | 109.1 | 116.2
@ :LHGEHE (4 H)
Wi 2,474 114 2,588 ] 143]2,731 | 90.6| 4.2 94.8 .2]100.0 || 119.2 [ 100.9 | 118.2 | 109.2 | 117.7
53 | F | 2,425 | 120 | 2,545 | 162 | 2,707 | 89.6 | 4.4 | 94.0| 6.0|100.0 || 112.0| 98.4 |111.2 | 103.2 | 110.7
iF | 4,899 | 234 5,133 | 305 5,438 || 90.1| 4.3 | 94.4| 5.6 |100.0 || 115.5 | 99.6 | 114.7 | 105.9 | 114.1
ORMBEL (10H)
1% | 2,357 | 133 ] 2,490 | 145]2,635 89.5| 5.0| 94.5| 5.5]100.0 | 113.5] 117.7 | 113.8 | 110.7 | 113.6
53 | FH1| 2,342 | 130 |2,472| 162 (2,634 | 88.9| 4.9 93.8| 6.2100.0 108.1 | 106.6 | 108.0 | 103.2 | 107.7
# | 4,699 | 263 4,962, 307 |5,269| 89.2| 5.0| 94.2| 5.8]100.0 | 110.8 | 111.9 | 110.8 | 106.6 | 110.6
Q@HAEL (12H)
- 491 2,357 133 | 2,490 145 { 2,635 || 89.5 5.0 | 94.5 5.5 {100.0 || 113.5 | 117.7 | 113.8 | 110.7 | 113.6
53| F | 2,200 | 130 2,331 | 162 | 2,493 || 88.3| 5.2 93.5 .5 [ 100.0 [|'101.6 | 106.6 | 101.9 | 103.2 | 102.0
| 4,558 | 263 [ 4,821 | 307 | 5,128 | 88.9] 5.1| 94.0 0| 100.0 || 107.4 | 111.9 | 107.7 | 106.6 | 107.6
@M
| Aal17 19| & 98 21 A 9
53 | T ]| a224 10 | ~A214 0| a310
§F | A341 29 | As12 2| A214
£—3 MEHSIEERMTA 77 LV IANEHEREL
HHE W % = (Tton) i3 23 o (%) o wOEOJE B (%)
£ T# HREL ES HH HREL S & HREL
A% 48 | 49 | 50 | 51 | 52 | 53 || 48 | 49 | 50 | 51 | 52 | 53 | 48 | 49 | 50 | 51 | 52 | 53
4 463| 413| 363 369| 435 483
5 458 411| 352| 201] 341| 415
6 410 335\ 301| 315| 338 395
4~ 67 (1,331)1,159|1,016| 975(1,114(1,293)| 303 | Go ) | Gor | Gr o) | (o) (iglz) 121.9] 87.1| 87.7| 96.0{114.3|116.1
7 475 357| 377| -383| 415 489
8 417| 401| 316| 325| 370| 427
9 428| 410| 350 359 421| 426
7 ~ 9 |1,320{1,163|1,043|1,067|1,206| 1,342 33 ég:g’) (25‘3:% G| 80| Goe || 113.5( 88.5 89.3]102.3113.0/111.3
Py P 51.5|50.8 |51.3|49.8|48.7 | 51.4 P P v
& W |2,651|2,327|2,059| 2,042/ 2,320( 2,635 || S0 o | S S | Soooy | coosy | ooty | Goosoy [[117-6] 87.5| 88.5| 99.2/113.6]113.6
10 503| 437| 342| 378| 451
11 523| 469 339 398 451
12 451| 379{ 352| 369 454
10~123f [1,477|1,285|1,083|1,145(1,356| 1,424 || Z5-7| 23-0 | 25-11| 27-9} 28-5 | 27-8 I 112.0| 87.0| 80.4|110.8[118.4/105.0
1 264| 211 =219 221] 241
2 281| 265 252 262| 306
3 473| 498\ 453| 430] 542
1~ 37t |1,018] 974] 924| 9131,089(1,069) o % | G5 | Gy |Gy | Gy | Gy || B9-5] 95.7| 94.9| 98.8[119.3] 98.2
T M |2,495]2,259|1,957| 2,058) 2,445| 2,493 (&5 | (o-E | A0 | SO B 108 | 488 1101.6| 90.5| 86.6[105.2(118.8]102.0
£ w |5,146|4,586{4,016|4,100| 4,765|5,128100.0[ 100.0]100.0|100.0]100.0|100.0]| 109.2| 89.1| 87.6|102.1|116.2|107.6
60 (H) S34EEE g ASPHALT




CHWT 277 v b TR (TR ROR 2 > 1)

TWMT A 77 0 BRER (BEHR) (Bifr @ Ft)

15 B B & B2 %=
11 waveen | m (55w A e ar|wom ((TU5) w0 om | ar pwkmn| 6 B
48 4L ¥ 198 5,167 | (108.4) 27 5,392 | 5,146 | (109.2) 11 5,157 226 5,383
49 226 4,571 | ( 88.5) 16 4,813 | 4,58 | ( 89.1) 29 4,615 182 4,797
50 & i 182 4,086 | ( 89.4) 4,268 | 4,016 | ( 87.6) 13 4,029 236 4,265
SLIEIE 3 236 2,104 | ( 97.2) 2,340 2,042 | ( 99.2) 18 2,060 266 2,326
514 T 4 266 2,050 | (106.7) 2,316 2,058 | (105.2) 4 2,062 256 2,318
51 # - 236 4,154 | (101.7) 4,390 | 4,100 | (102.1) 22 4,122 256 4,378
52. 4 A 256 433 | (105.6) 689 435 | (117.9) 435 255 690
5H 255 363 | (112.4) 618 341 | (117.2) 341 279 620
6 F 279 304 | (98.1) 583 338 | (107.3) 338 245 583
4~6H 256 1,100 | (105.5) 1,356 1,114 | (114.3) 1,114 245 1,359
52. 7H 245 434 | (125.1) 679 415 | (108.4) 415 265 680
8 H 265 360 | (98.1) 625 370 | (113.8) 370 257 627
95 257 390 | (112.4) 647 421 | (117.3) 421 227 648
7~9H 245 1,184 | (111.6) 1,429 1,206 | (113.0) 1,206 227 1,433
5247 )% A 256 2,284 (108.6) 2,540 2,320 (113.6) 2,320 227 2,547
52. 108 227 438 | (119.0) 665 451 | (119.3) 451 214 665
117 214 455 | (119.4) 669 451 | (113.3) 451 218 669
12 218 440 | (135.4) 658 454 | (123.0) 454 204 658

10~121 227 1,333 (124.1) 1,560 1,356 (118.4) 1,356 204 1,560

53. 1H 204 318 (124.2) 522 241 (109.0) 241 281 522
2 A 281 342 (115.5) 623 | 306 (116.8) 306 317 623

3 A 317 511 (120.5) 828 542 (126.0) 542 287 829
1~3A8 204 1,171 (119.9) 1,375 1,089 (119.3) 1,089 287 1,376

5240 JE T 1] 227 2,504 (122.1) 2,731 2,445 (118.8) 2,445 287 2,732

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

52 % 256 4,788 (115.3) 5,044 4,765 (116.2) 4,765 287 5,052
53. 4 A 287 508 (117.3) 795 483 (111.0) 483 312 795
5H 312 469 (129.2) 781 415 (121.7) 415 365 780

6 H 365 333 (109.5) 698 395 (116.9) 395 304 699
4~6H 287 1,310, | (119.1) 1,597 1,293 (116.1) 1,293 304 1,597
53. 7H 304 477 (109.9) 781 489 (117.8) 489 292 781
8 H 292 439 (121.9) 731 427 (115.4) 427 304 731

9H 304 435 (111.5) 739 427 (101.4) 427 312 739
7~9HA 304 1,351 (114.1) 1,655 1,343 (111.4) 1,343 312 1,655
53R 287 2,661 (116.5) 2,948 2,636 (113.6) 2,636 312 2,948
10H 312 496 (113.2) 808 459 (101.8) 459 348 807

() BEE ALY —Hi A 10H f#H
(QTEMAI —FTR77E, 70—=2T R 77NV HIERT A7 7 VG RN
BUERAD A BE—EKL VA H D
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APEED (TRt ER 2 2]

TMT A7 7 v b INEESE (FAEHEE) (Hfr : Tt)

HH e & s T# 2 D<) A Y

AP —b TR T77L | T 0 — AP—b TR77PNE |70 — AbL—FTR77NN | T E -~
T XA YT AEEF YT A F

1 MR | DM FF | 77 —Wm ¥R B |77t —iF | T¥H| § | 77k
48 | 4,648 | 148 14,796 | 350 5,146 | 90.3 | 2.9 | 93.2 | 6.8 | 100.0|106.9 | 308.3 | 109.1 | 111.1 | 109.2
49 F 1 4,209] 136 |4,345| 241 4,586 91.8 | 3.0 | 94.8 | 5.2 | 100.0| 90.6 | 91.9| 90.6| 68.9| 89.1
50 4 )% |3,576 | 189 | 3,765 | 251 | 4,016 | 89.0 | 4.7 | 93.7 | 6.3 | 100.0| 85.0|139.0| 86.7|104.1| 87.6
S5LFJE LMY | 1,825 | 93 | 1,918 | 124 | 2,042 89.4 | 4.6 | 93.9 | 6.1 |100.0| 97.6|120.8| 98.5|110.7| 99.2
5L T4 | 1,802 | 116 | 1,918 | 140 | 2,058 | 87.6 | 5.6 | 93.2 | 6.8 | 100.0 | 105.6 | 103.6 | 105.5 | 100.7 | 105.2
51 4 % |8,627 | 209 |3,836 | 264 |4,100| 88.5 | 5.1 | 93.6 | 6.4 |100.0 | 101.4 | 110.6 | 101.9 | 105.2 | 102.1
52. 4 f 394 | 20 414 | 21 4351 90.6 | 4.6 | 95.2 | 4.8 | 100.0)118.0| 142.9 | 119.0 | 100.0 | 117.9
5H 306 14 320 2t 3411 89.7 | 4.1 | 93.8 | 6.2 |100.0 | 118.1| 107.7 | 117.6 | 110.5 | 117.2
6 A 301 15 316 | 22 338 | 89.1 | 4.4 | 93.5 | 6.5 |100.0 | 106.4 | 125.0 | 107.1 | 110.0 | 107.3
4~6H 11,001 | 49 1,050 64 |1,114| 89.9 | 4.4 | 94.3 | 5.7 | 100.0|114.3|125.6 | 114.8 | 106.7 | 114.3
52. 7H 368 | 25 393 | 22 415 | 88.7 | 6.0 | 94.7 | 5.3 |100.0|107.6 | 131.6 | 108.9 | 100.0 | 108.4
8 A 330 | 19 349 | 21 370 | 89.2 | 5.1 | 94.3 | 5.7 | 100.0 | 115.0 | 105.6 | 114.4 { 105.0 | 113.8
9 A 377 20 397 | 24 4211 89.5 | 4.8 | 94.3 | 5.7 [100.0|117.8 | 117.6 | 117.8 | 109.1 | 117.3
7~9H 1,075 64 | 1,139 | 67 [1,206| 89.1 | 5.3 | 94.4 | 5.6 |100.0 | 113.3 | 118.5 | 113.6 | 104.7 | 113.0
52471 1001 | 2,076 | 113 | 2,189 | 131 | 2,320 | 89.5 | 4.9 | 94.4 | 5.6 |100.0 |113.8|121.5 | 114.1 | 105.6 | 113.6
52.  10A 406 19 425 | 26 451 | 90.0 | 4.2 | 94.2 | 5.8 |100.0 | 122.7 | 76.0 | 119.4 | 118.2 | 119.3
1148 405 | 20 425 | 26 4511 89.8 | 4.4 | 94.2 | 5.8 |100.0|113.4 | 117.6 | 113.6 | 108.3 | 113.3
121 407 | 22 429 | 25 454 | 89.7 | 4.8 | 94.5 | 5.5 | 100.0|126.0 | 95.7 | 124.0 | 108.7 | 123.0
10~12/ | 1,218 | 61 [1,279| 77 | 1,356 | 89.8 | 4.5 | 94.3 | 5.7 |100.0|120.5) 93.8 | 118.9 | 111.6 | 118.4
53. 1H 197 | 20 217 | 24 241 | 81.7 | 8.3 | 90.0 |10.0 | 100.0|108.2| 117.6 | 109.0 | 109.1 | 109.0
2R 259 | 19 278 | 28 306 | 84.6 | 6.2 | 90.8 | 9.2 | 100.0|115.6 | 118.8 | 115.8 |{ 127.3 | 116.8
3A 492 | 22 514 | 28 5421 90.8 | 4.1 | 94.8 | 5.2 |100.0|127.8 | 122.2 | 127.5 | 103.7 | 126.0
1~3H 948 | 61 | 1,009 | 80 |1,089| 87.1 | 5.6 | 92.7 | 7.3°|100.0 | 119.8 | 119.6 | 119.8 | 112.7 | 119.3
524 T | 2,166 | 122 | 2,288 | 157 | 2,445 | 88.6 | 5.0 | 93.6 | 6.4 |100.0 | 120.2 | 105.2 | 119.3 | 112.1 | 118.8
52 # J 14,242 | 235 | 4,477 | 288 |4,765| 89.0 | 4.9 | 93.9 | 6.1 |100.0117.0]112.4 | 116.7 | 109.1 | 116.2
53. 44 431 28 459 | 24 483 | 89.1 [ 5.9 | 95.0 | 5.0 |[100.0|109.4 | 140.0 | 110.9 | 114.3 | 111.0
5H 377 13 390 | 25 415 90.8 | 3.2 | 94.0 | 6.0 |100.0|123.2| 92.9|121.9 | 119.0 | 121.7
6 H 349 22 371 24 3951 88.3 | 5.5 | 93.8 | 6.2 |[100.0|115.9 | 146.7 | 117.4 | 109.1 | 116.9
4~6H 1,157 63 |1,220| 73 [1,293|89.4 | 4.9 | 94.3 | 5.7 | 100.0 | 115.6 | 128.6 | 116.2 | 114.1 | 116.1
53. 7H 440 | 25 465 24 489 | 90.1 | 5.0 | 95.1 | 4.9 ]100.0(119.6 | 100.0 | 118.3 | 109.1 | 117.8
8 A 382 22 404 | 23 427 | 89.4 | 5.2 | 94.6 | 5.4 |100.0|115.8 | 115.8 | 115.8 | 109.5 | 115.4
9 A 380 | 22 402 | 25 427 | 89.0 | 5.1 | 94.1 | 5.9 |100.0{100.8 | 110.0 | 101.3 | 104.2 | 101.4
7~9H8 1,202 69 |1,271| 72 |1,343|89.5 | 5.1 | 94.6 | 5.4 |100.0|111.8| 107.8 | 111.6 | 107.5 | 111.4
S34FML H | 2,359 | 132 | 2,491 | 145 | 2,636 | 89.5 | 5.0 | 94.5 | 5.5 |100.0)113.6 | 116.8 | 113.8 | 110.7 | 113.6
104 411 22 433 27 460 | 89.3 | 4.8 | 94.1 | 5.9 |100.0 |101.2 | 115.8 | 101.9 | 103.8 | 102.0
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