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G̀
I�K�HH�I�����KK���_�	]�MMN�a�D�	�K�G��RG�LF�IDGPL����]�MMN�b�D�	�K�G��Ma���K�cda]�

��K�MMN�U�D�	�K�G��cda�J��C�
e�J�f�_��L���F������FG�����]��	�J�����	��	RC������	�J�I��

	���F��K�HGI��PR�I�X������G���BC��XGK���J�PL�G���J�	�FGXRG	�K�GH�g�J�f�

X�FIGFIL	��������J�P�����G�
����J��C���K�J��CG
���C���KK���G��GH�heee�RRX�MMN��a���

�PR�I�X���	�
	�K���FGG���̂�I����GH�e�i�jUVX����G���	
I��FGXR�I�D����L��XG�̂��C��I�	
��	��

b�HGI����_�	��̂����̂��KK���_�OJ�P�����I�F��G�	������Q
�K�RC�	�]��KK���_���HH�F��G��J�P�

FIL	�����\���G��J�	���_�	��̂���K��BC��I�	
��	����GJ�K�HGI���R�IHGIX��F��I��k��̂��	���	��K�

���B�D���g��

B�D���g��aKK���_��R�IHGIX��F��I��k��̂���K��HH�F��G��J�P�FIL	�����\���G��

lmm���no� �opq�pr���o�sqqo������t�u��pvw�����x������

MMN�a� b�	�� Y�P�FIL	����K�	�GI��G���G�	X������K�H����L�K�	R�I	�K�R�I��F��	��

�̀
�K�I�X���	�HI���H�GJ��̂�K
I��̂�FG����
G
	�	C��I��̂���K�

�H��I�Q
��	F����L�FGG���̂��G�Oi�jU��

MMN�b� TGGK� Y�P�FIL	����K�	�GI��G���G�IG
�K���K�FGXR�F���̂ Î�̂���	��
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Publication I 

Non-linear dependency of wax appearance temperature on cooling rate 
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QLWP<BKrI?OIK>LMUG?KW<A=>LW?KMD?AC>PK=<MLW?>PIK>QIM>G?
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ALCD$M+1-+H-1;$65-$F1-:-9.-$+>$.1<:60,$*+?3><394$
:/K:609.-:$F,0<:$09$3*F+16096$1+,-D$N65-1$.+*F+/9?:$6509$
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+>$0:F50,6-9-:$2365$9+9<,F5-9+,$AfRCD$E-3$-6$0,D$:6/?3-?$
0441-4063+9$09?$:-,>70::+.3063+9$F1+F-163-:$+>$6-610*-13.$
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+,-$+./0+123,3.4$50670$0+-$833,$9:+726;,+23-$<6+$
+-.;:/26;,$;,$7+176=>$7+:8;,+23$;:$.23/56.3$/:376/62+26;,$
?@ABC$D<3:+114$:3.3+:70$6,$206.$+:3+$/:;<6-3-$+$71;.3:$1;;E$
;,2;$203$/:;/3:263.$;9$+./0+123,3.$+,-$:31+23-$7;>/;,3,2.4$
+,-$+11;53-$9;:$203$6-3,26967+26;,$;9$6,06862;:.$5620$.2:;,F$
6,23:+726;,$3,20+1/GC$

HIJ$0+.$833,$+//163-$2;$+$>;-31$5+K$.;1=26;,.$6,$;:-3:$2;$
>3+.=:3$203$6,23:+726;,$03+2$;9$73:2+6,$LH.$5620$
>+7:;7:G.2+116,3$5+K$?@MBC$I03$:3.=12.$53:3$203,$
7;>/+:3-$2;$/3:9;:>+,73$70+:+723:6.267.4$.=70$+.$203$
6,06862;:.$399372$;,$LNI4$F31$8:3+E+F3$.2:3,F204$+,-$
7:G.2+1$>;:/0;1;FGC$H2$5+.$.0;5,$20+2$203:3$+:3$
-6993:3,73.$6,$6,23:+726;,$03+2$9;:$-6993:3,2$LH.4$+,-$20+2$
203:3$6.$,;$7;::3./;,-3,73$832533,$6,23:+726;,$03+2$+,-$
203$.313723-$/3:9;:>+,73$70+:+723:6.267.C$I;$3K/+,-$203.3$
96,-6,F.4$206.$.2=-G$6,<3.26F+23.$203$6,23:+726;,.$;9$.313723-$
LH.$5620$>+7:;7:G.2+116,3$5+K$+2$23>/3:+2=:3.$+8;<3$+,-$
831;5$LNIC$J;>/13>3,2+:G$2;$20+24$203$6,91=3,73$;9$LH$
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6,23:+726;,$03+2$7;,2:68=26;,.$9:;>$8;20$.;1=8616O3-$5+K$
+,-$.;16-$5+K$7:G.2+1.C$I06.$,;2$;,1G$3,+813.$203$
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RRP.$+,-$LH.C$
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e _̀Z[\̀af%̀̂ g%b̀]YaZ%h[ZỲ[̀_\d̂%

ij03K+,3$klRmJjF:+-34$nopqrstuvs+$>6K2=:3$;9$KG13,3$
6.;>3:.$k:3+F3,2jwxtvyzsno{|}qrs~yxys���t�uyvs�x��s
�L�4$i;:5+GC$I;1=3,3$k+,0G-:;=.4$��C���$5+.$
/=:70+.3-$9:;>$Q6F>+jN1-:6704$i;:5+GC$N11$.;1<3,2$53:3$
=.3-$5620;=2$9=:203:$/=:6967+26;,C$N$5+K$6,06862;:$
kRRP$MR�$8+.3-$;,$/;1G7+:8;KG1+23$5+.$/:;<6-3-$8G$
�NQ�4$�3:>+,G4$+,-$9=:203:$/=:6963-C$S+:7;7:G.2+116,3$
5+K$5+.$;82+6,3-$+.$�@A�$Q+.;15+K$9:;>$Q+.;1$L+K4$
�3:>+,GC$J;>/;.626;,$+,-$70+:+723:6.267.$;9$203$5+K$+:3$
+<+61+813$6,$1623:+2=:3$?@�BC$

I03$5+K$6,06862;:$RRP$M$;9$203$/:3<6;=.$.2=-G�?@MB$
7;,2+6,3-$+$/3:73,2+F3$;9$/32:;13=>$-6.2611+234$.;$203$
/;1G>3:$5+.$9=:203:$/=:6963-$+,-$7;::3./;,-6,F1G$1+8313-$
+.$RRP$MRC$I03$/=:6967+26;,$/:;73..$7;,.6.23-$;9$
:3/3+23-1G$+--6,F$+,-$:3>;<6,F$2;1=3,3$6,$+$:;2+:G$
3<+/;:+2;:$+2$=/$2;$�A$�J$+,-$�AA$>8+:C$I03$:3>+6,6,F$
.=8.2+,73$5+.$203,$96113-$6,2;$+$/32:6$-6.0$+,-$/1+73-$6,$+,$
;<3,$+2$�A$�J$9;:$�@$0$=,-3:$+2>;./03:67$7;,-626;,.C$I03$
96,+1$G631-$5+.$+//:;K6>+231G$�A$52�$;9$203$;:6F6,+1$RRP$

536F024$50670$6.$3�=+1$2;$203$+>;=,2$;9$+726<3$7;,23,2$+.$
./376963-$8G$203$/:;-=73:C$

N./0+123,3.$53:3$/:3/+:3-$<6+$03K+,3$/:376/62+26;,$9:;>$
+$16F02$7:=-3$;61$20+2$;:6F6,+23-$9:;>$203$i;:53F6+,$
7;,26,3,2+1$.0319C$R:6;:$2;$.+>/16,F4$203$7:=-3$;61$5+.$
03+23-$2;$�A$�J$9;:$+2$13+.2$�A$>6,$+,-$.0+E3,$20;:;=F01G$
2;$3,.=:3$0;>;F3,362G$;9$203$.+>/13C$�F$;9$7:=-3$;61$53:3$
>6K3-$5620$��A$>1$,j03K+,3$+,-$.26::3-$9;:$+2$13+.2$�@$0C$

I03$:3.=126,F$>6K2=:3$5+.$96123:3-$=.6,F$+$AC@�$�>$l�mRj

2G/3$S6116/;:3$96123:$>3>8:+,3$+,-$+923:5+:-.$:6,.3-$5620$
,j03K+,3$=,261$203$9612:+23$5+.$713+:C$I03$96123:$/+/3:$5620$
+./0+123,3.$5+.$-:63-$=,-3:$,62:;F3,$+2>;./03:3$9;:$+2$
13+.2$�@$0C$I03$96,+1$G631-$;9$+./0+123,3.$+77;=,23-$9;:$
�C�$52�$;9$203$;:6F6,+1$7:=-3$;61C$

N11$.;1=26;,.$53:3$/:3/+:3-$8G$96:.2$536F06,F$203$.;16-.$
+,-$9=:203:$+--6,F$203$:3�=6:3-$+>;=,2$;9$.;1<3,2C$
Q;1=26;,.$7;,2+6,6,F$5+K$53:3$/1+73-$6,$+,$;<3,$+2$�A$�J$
9;:$+2$13+.2$�A$>6,$/:6;:$2;$=.+F34$.;$3,.=:3$+11$5+K$5+.$
-6..;1<3-$6,$203$.;1<3,2C$

�fd_�Z[]̀ a%�\_[̀_\d̂%�̀ad[\]Z_[�%�����%

HIJ$3K/3:6>3,2.$53:3$7;,-=723-$;,$+$iNiD$HIJ$
Q2+,-+:-$�;1=>3$9:;>$IN$H,.2:=>3,2.C$J+168:+26;,$5+.$
/3:9;:>3-$8G$>3+.=:6,F$203$03+2$;9$:3+726;,$9;:$-396,3-$
262:+26;,.$;9$I:6.j8+.3$5620$lJ1C$I03$:393:3,73$7311$5+.$
96113-$5620$/=:3$KG13,3.C$I62:+26;,$2;;E$/1+73$6,$��$
�u�y����u�s��s ¡s¢£syt�¤zs~¤yxys���¤s�t�¥£ystuvsxy�y:3,73$
7311$0+<3$+$<;1=>3$;9$M$>1C$N11$3K/3:6>3,2.$53:3$7+::63-$
;=2$+2$+$.26::6,F$:+23$;9$��A$:/>C$I03$7+1;:6>323:$5+.$
y¦§�£��xt�yvs��sts�t�y£�uysvx���s��s£y��s�¤tus¡| s¢̈ s�y��xys
3+70$3K/3:6>3,24$50670$2;;E$6,$832533,$�A$+,-$M�A$>6,C$
L+K$-6./3:.6;,.$9;:$HIJ$53:3$/:3/+:3-$8G$�=3,706,F$203$
0;2$5+KG$.;1<3,2$+2$�A$�J$9;:$�A$>6,C$�39;:3$6,©3726;,$6,2;$
203$.+>/13$70+>83:4$203$5+K$-6./3:.6;,$5+.$20;:;=F01G$
.0+E3,$9;:$�$.$+,-$203,$.;,67+23-$9;:$�A$.C$Q;1=26;,.$5620$
;,1G$+./0+123,3.$53:3$/:3/+:3-$+2$13+.2$;,3$-+G$839;:3$
=.+F34$2;$3,.=:3$20+2$203$.G.23>$0+-$.2+8616O3-C$N./0+123,3$
.;1=26;,.$53:3$.;,67+23-$9;:$�A$>6,$:6F02$+923:$/:3/+:+26;,$
+,-$9;:$MA$>6,$:6F02$839;:3$=.+F3$6,$HIJC$Q;1=26;,.$;9$
RRP$MR$9;:$HIJ$53:3$/:3/+:3-$8G$03+26,F$2;$�A$�J$9;:$
MA$>6,4$>6K6,F$6,$+$.0+E3:$9;:$MA$>6,4$+,-$.;,67+26,F$9;:$
MA$>6,C$R=:3$.;1<3,2.$=.3-$6,$HIJ$53:3$-3F+..3-$<6+$
.;,67+26;,$9;:$�A$>6,C$l3+2$6,23F:+26;,$5+.$7+::63-$;=2$
+=2;>+267+11G$6,$203$i+,;N,+1GO3$.;925+:3C$�;:$3+70$
3K/3:6>3,24$203$03+2$<+1=3.$;9$+$81+,E$6,©3726;,$5620$/=:3$
.;1<3,2$53:3$.=82:+723-4$2;$7;::372$9;:$203$03+2$F3,3:+23-$
8G$9:6726;,$6,$203$.G:6,F3C$N11$3K/3:6>3,2.$53:3$7;,-=723-$
25;$2;$9;=:$26>3.4$-3/3,-6,F$;,$:3/:;-=7686162G$;9$203$
>3+.=:3>3,2C$I03$6,23:+726;,$03+2$5+.$7+17=1+23-$
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+,,-./012$3-$450$53$+67$89:;$+<$153$513=+6>?@$A=5.5$3=5$=5+3$

-B$303.+3012$01=0C03-.$013-$3-6D515$EFGHIJK$+1/$3=5$=5+3$-B$

303.+3012$3-6D515$013-$A+L$/0<>5.<0-1$EFGMNOK$0<$<DC3.+,35/$

B.-P$3=5$=5+3$P5+<D.5/$A=51$303.+3012$01=0C03-.$013-$3=5$

A+L$/0<>5.<0-1$EFGQRJNSK@$+<$<=-A1$01$5TD+30-1$EUK7$V=5$

.5<D63012$0135.+,30-1$=5+3$5..-.$A+<$,+6,D6+35/$+,,-./012$3-$
3=5$>.->+2+30-1$-B$5..-.7$

$FGHIJWFGQRJNSXYFGHIZ[\[JR]^FGMNO_$EUK$

%
àbbcdcefagh%ijgeeaek%lghmdancfdo%p̀ilq%

rst$5L>5.0P513<$A5.5$,-1/D,35/$-1$+$uvwww$B.-P$Vx$
y1<3.DP513<$A03=$3=5$<+P>65<$,-13+015/$01$Vz5.-${5.P530,$
|+1<7$V=5$01<3.DP513$A+<$,+60C.+35/$}0+$3=5$P563012$-B$
01/0DP7$rD.012$5+,=$.D1@$3=5$<+P>65$A+<$=5+35/$3-$Uww$~t$
+1/$�5>3$0<-3=5.P+6$B-.$v$P01$3-$51<D.5$,-P>6535$
/0<<-6D30-1$-B$+66$<-60/<@$C5B-.5$3=5$P5+<D.5P513$
,-PP51,5/$+1/$+$,--6012$.+35$A+<$+>>605/7$V=5$<5+65/$
>+1<$A5.5$A502=5/$C5B-.5$+1/$+B35.$3=5$5L>5.0P513$3-$
51<D.5$3=+3$1-$<+P>65$6-<<$=+/$-,,D..5/7$V=5$4xV$A+<$
/535.P015/$+<$3=5$5+.605<3$/535,3+C65$3=5.P+6$5BB5,3@$
<0P06+.$3-$3=5$>.5}0-D<6?$>DC60<=5/$>.-,5/D.5$8�U;7$y1$3=0<$
>.-,5/D.5@$3=5$=5+3$B6-A$}<$35P>5.+3D.5$2.+>=$0<$
+>>.-L0P+35/$C?$+$<3.+02=3$6015$-1$+$35P>5.+3D.5$0135.}+6$
-B$U�$~t$+1/$P-}5/$3-$6-A5.$35P>5.+3D.5<$01,.5P513+66?$
A=065$,=5,�012$B-.$4xV7$V=5$4xV$0<$/5B015/$+<$3=5$
=02=5<3$35P>5.+3D.5$+3$3=5$6-A5.$51/$-B$3=5$0135.}+6@$B-.$
A=0,=$3=.55$,-1<5,D30}5$>-013<$+.5$-D3<0/5$3=5$��7�$�$
,-1B0/51,5$0135.}+67$V=0<$,-1B0/51,5$0135.}+6$0<$5TD0}+6513$
3-$97v�U$30P5<$3=5$<3+1/+./$/5}0+30-1$-B$3=5$+>>.-L0P+35/$
<3.+02=3$6015@$+<<DP012$1-.P+6$/0<3.0CD30-1$-B$3=5$3=5.P+6$
1-0<57$

ldm��%�mhgda�c�%�ajdm�jm�o%pl��q%

�0,.-<,->5$0P+25<$A5.5$3+�51$A03=$+$�0�-1$�,60><5$
P0,.-<,->5$B0335/$A03=$+$t--6s1+>�|.-$,+P5.+$C?$�5/0+$
t?C5.1530,<$+1/$,.-<<�>-6+.0z+30-1$B0635.<7$V=5$<+P>65$
35P>5.+3D.5$A+<$,-13.-665/$A03=$+$�01�=+P$|�$��$+1/$
�Vs�Uvw�$|56305.$<?<35P7$V=5$<+P>65<$A5.5$B0665/$013-$
26+<<$,+>066+.05<$A03=$+$,.-<<$<5,30-1$-B$w79$L$w7w9$PPv@$
<5+65/$A03=$26D5$+1/$B0L5/$01$>6+,5$-1$+$P0,.-<,->5$<60/57$
�-.$5+,=$P5+<D.5P513@$3=5$<+P>65$D1/5.A513$3=5$
B-66-A012$35P>5.+3D.5$>.-2.+P�${5+3012$3-$�w$~t@$
0<-3=5.P+6$+3$�w$~t$B-.$Uw$P01@$,--6012$3-$9w$~t$+3$+$.+35$
-B$vw$~t�P01@$+1/$3=51$,--6012$3-$�$~t$+3$+$.+35$-B$
U$~t�P017$�>-1$.5+,=012$�$~t@$3=5$35P>5.+3D.5$A+<$�5>3$
,-1<3+13$+1/$t|�$0P+25<$A5.5$<=-3$A03=01$3=5$30P5$B.+P5$
-B$vw$3-$�w$P01$+B35.$.5+,=012$�$~t7$rD.012$5+,=$
35P>5.+3D.5$,?,65@$3=5$<+P>65$,566$A+<$,-1301D-D<6?$

B6D<=5/$A03=$103.-251@$3-$+}-0/$,-1/51<+30-1$01<0/5$3=5$
<+P>65$,5667$

��cmncfdo%ge�%�ch%�dcg�gkc%ifdcekf�%

�56$C.5+�+25$A+<$P5+<D.5/$01$+1$x13-1$|++.$|=?<0,+$9wU@$
A=0,=$A+<$5TD0>>5/$A03=$+$�$,P$/0+P535.$v~$,-15$+1/$
>6+35$25-P53.?$3=+3$=+/$C551$<+1/C6+<35/$3-$>.-}0/5$
+//030-1+6$.-D2=15<<$3-$>.5}513$<60>>+257$V=5$.=5-P535.$
D<5/$+$2+>$<0z5$-B$w7U:w$PP$01$5+,=$,+<57$V=5$>.-,5/D.5$
B-.$P5+<D.012$256$C.5+�+25$.5>.5<513<$+1$+/+>35/$}5.<0-1$
-B$3=5$P53=-/<$D<5/$+1/$/5}56->$>.5}0-D<6?$01$-D.$2.-D>$
8�9@$��;7$�5B-.5$5+,=$5L>5.0P513@$3=5$<+P>65$A+<$>6+,5/$
-1$+$=5+3012$>6+35$�5>3$+3$Uvw$~t$B-.$+3$65+<3$�$P01@$+1/$
3=51$01�5,35/$013-$3=5$P5+<D.012$25-P53.?$-B$3=5$
.=5-P535.@$A=0,=$A+<$>.5=5+35/$3-$9�$~t7$x$,--6012$.+35$
-B$w7�$~t�P01$A+<$+>>605/$/-A1$3-$�$~t@$+1/$3=5$<+P>65$
A+<$�5>3$0<-3=5.P+6$+3$�$~t$B-.$Uw$P01@$C5B-.5$<=5+.012$+3$
+$<=5+.$.+35$-B$w7U$<�U7$V=5$256$C.5+�+25$<3.5123=$0<$/5B015/$
+<$3=5$P+L0PDP$<=5+.$B-.,5$.5,-./5/7$

����c��hf�%ge�%̀a�j���ame%

�dc am��%¡md�¢%lmddchgfame%£cf¤cce%¥efcdgjfame%
¦cgf%ge�%¡g§%¥e�a£afmd%�cdbmdngejc%

|.5}0-D<$01}5<302+30-1<$A5.5$<DC�5,3$3-$35<3012$B0}5$
>-6?P5.0,$||r<@$+1/$+<>=+63515<$3-$C5$+C65$3-$,-P>+.5$
3=.55$5<<5130+66?$/0BB5.513$P5+<D.5<$8�U;�$E0K$=5+3$-B$
0135.+,30-1$C53A551$A+L$+1/$4y@$E00K$01B6D51,5$-B$4y$-1$
/56+?5/$A+L$,.?<3+660z+30-1@$+1/$E000K$5BB5,3$-B$4y$-1$3=5$
<3.D,3D.5$+1/$<3.5123=$-B$3=5$.5<D63012$A+L$,.?<3+6$153A-.�7$
�L>5.0P513+6$>.-,5/D.5<$=+}5$C551$0P>.-}5/$C53A551$3=5$
>.5}0-D<$A-.�$+1/$3=0<$<3D/?@$A=0,=$0<$A=?$3=0<$<5,30-1$0<$
/0BB5.513$B.-P$3=5$.5<3$-B$3=0<$<3D/?$01$3=5$B-66-A012$�5?$
565P513<�$E+K$V-6D515$A+<$>.5}0-D<6?$D<5/$+<$CD6�$<-6}513$
+1/$=+<$C551$.5>6+,5/$C?$+$L?6515$0<-P5.$P0L3D.5@$+<$3=0<$
<-6}513$=+<$+$6-A5.$}+>-.$>.5<<D.5$+1/$3=5$01B6D51,5$-B$
5}+>-.+30-1$0<$3=5.5B-.5$<P+665.7$ECK$t--6012$.+35$B-.$256$
C.5+�+25$+1/$<+P>65$,-1,513.+30-1<$B-.$+66$P53=-/<$A5.5$
+/+>35/$<602=36?$3-$0P>.-}5$<51<030}03?$-B$3=5$
P5+<D.5P513<$+1/$,-P>+.+C0603?$C53A551$/0BB5.513$
P53=-/<7$E,K$||r<$-B$3=5$>.5}0-D<$<3D/?$,-13+015/$
>53.-65DP$/0<3066+35$+1/$=+}5$C551$>D.0B05/$B-.$3=0<$<3D/?7$
V=5$.5<D63<$-B$yVt$5L>5.0P513<$+.5$<=-A1$01$�027$v7$

y1$5+,=$,+<5@$3=5$+C<-6D35$0135.+,30-1$=5+3$B0.<3$01,.5+<5<$3-$
+$6-,+6$P+L0PDP$C53A551$01�5,30-1$3A-$3-$B0}5$D1/$
<DC<5TD5136?$/5,.5+<5<$3-$+<?P>3-30,+66?$+>>.-+,=$z5.-$
153$=5+3$3-A+./<$3=5$B01+6$01�5,30-1<7$V=5$=02=5<3$
0135.+,30-1$=5+3$A+<$P5+<D.5/$B-.$||r$�@$A=0,=$0<$�̈ x$
A03=$v�$�$̈x7$x<>=+63515<$<=-A5/$3=5$6-A5<3$0135.+,30-1$
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+,-./$001$23$43$-56$7$8,98,:,5.$.+,$-;,8-<,$-56$-8,$:=>=?-8$
@=.+=5$.+,$:.-56-86$6,;=-.=A5/$BA$-::,::$.+,$9,8CA8>-5D,$
AC$6=CC,8,5.$EF:3$>,-:G8,>,5.:$AC$EHB3$<,?$I8,-J-<,$
:.8,5<.+3$-56$@-K$D8L:.-?$>A89+A?A<L$@,8,$>-6,/$B+,$
98AD,6G8,:$CA8$.+,:,$>,.+A6:$-8,$:=>=?-8$.A$.+=:$:.G6L3$@=.+$

.+,$,KD,9.=A5$AC$98,;=AG:?L$>,5.=A5,6$D+-5<,:3$=5$
9-8.=DG?-8$-$DAA?=5<$8-.,$AC$2$MNO>=5$G:,6$CA8$<,?$I8,-J-<,/$
H$DA>9-8=:A5$AC$EF$D+-8-D.,8=:.=D:$-56$C=5-?$8,:G?.:$=:$

:+A@5$=5$B-I?,PQ/$

P
RSTUPVUPWXYZ[\S]TPS]\X̂_̀\Sa]PbX_\PcâPQPd\PeP_̀\SfXPgghPâP_Yib_[\X]XYPdS\bPQjPd\PePk_̀ ầ l̂Y\_[[S]XPd_mPnSYiX̂YSa]PS]P\a[ZX]XP_\PVjPopUPq_̀bP

S]rX̀\Sa]P_sstuvwxyzt{y|}y~�ytzy\S\̂_]\P�XS]TP_nnXnP\aPQPk�PacPd_mPnSYiX̂YSa]UPq̂̂ âP�_̂YP̂XîXYX]\P\bXPY\_]n_̂nPnXfS_\Sa]PĉakP\bXP_fX̂_TXPacP

X_̀bPkX_YẐXkX]\UPWXîS]\XnP�_n_i\Xn�PdS\bPiX̂kSYYSa]PĉakPWZda[n\�P�U�PX\P_[U�P�����������������������������������������������������������

�������������������������������������������������������� �����UPq]X̂TlP¡PRZX[Y�PVjQ¢UPpail̂STb\PVjQ¢P£kX̂S̀_]PpbXkS̀_[P¤àSX\lU

¥_�[XPQ¦Ppaki_̂SYa]PacPS]bS�S\âPîaiX̂\SXYP_]nPcS]_[P̂XYZ[\YPĉakP§¥p�Ph¤pP_]nP̂bXakX\̂lUPWXîS]\XnP�_n_i\Xn�PdS\bPiX̂kSYYSa]PĉakPWZda[n\�P

�U�PX\P_[U�P������������������������������������������������������������������������������������������������������������������� �����UPq]X̂TlP¡P

RZX[Y�PVjQ¢UPpail̂STb\PVjQ¢P£kX̂S̀_]PpbXkS̀_[P¤àSX\lUP
¨

©ª«¬­®̄°̄±ª²« ³³́ «µ« ³³́ «¶« ³³́ «·« ³³́ «̧« ³³́ «¹« º»¼®½¾±¿­¿»«

ÀÁÂÃÄÅÆÇÈ̈ÉÊÅÂË̈ÌÍ̈ ¨ ¨ ÎÌÏÈÐ

ÑÊÇÉÌÒÈÏÊÆÂ̈

ÎÌÏÈÐ

ÑÊÇÉÌÒÈÏÊÆÂÓ̈
ÔṎ

ÎÕÓ̈Ö×Ṏ Ö×ÕÓ̈ØÙ̈Ú×̈Ṏ ÔÌËÄÛÄÂË̈Ö×Ṏ ÜÂÒÊÍÂ̈

ÝÇÂÑÄÝÄÆÊÆÂË̈

ÕÑÆÄÞÂ̈ÑÌÍÆÂÍÆ̈ßÚà̈ ¨ ¨ áâ̈ ãâ̈ Ùâ̈ äââ̈ äââ̈ äââ̈

ÔÊÒÄÃåÃ̈ÄÍÆÂÇÊÑÆÄÌÍ̈ÁÂÊÆÓ̈æçÀ̈
ßÃèàé

¨

ÐØêëì̈ ÐØêëá̈ Ðäíëã̈ Ðêìëì̈ ÐØêëâ̈ Ðäìëî̈

ïÕçÓ̈ðñÀÓ̈Ù̈òÀóÃÄÍ̈̈ßòÀàé Øâëä̈ äîëì̈ äãëì̈ äãëã̈ äáëã̈ äãëá̈ äáëá̈

ïÕçÓ̈×ÄÅÑÌÃÂÆÇÈÓ̈Ù̈òÀóÃÄÍ̈ßòÀàé ØØëì̈ äíëä̈ Øâëã̈ Øâëí̈ Øâëá̈ Øäëê̈ ØØëê̈

ôÂÏÐÉÇÂÊõÊöÂ̈ÅÆÇÂÍöÆÁÓ̈
÷ÁÂÌÃÂÆÇÈ̈ßÎÊàé

îâä̈ øÌ̈ôÂÏ̈ øÌ̈ôÂÏ̈ äØâ̈ ØíÙ̈ êìØ̈ ãä̈

ÀÇÈÅÆÊÏ̈ÃÌÇÝÁÌÏÌöÈÓ̈ÀÎÔé øÂÂËÏÂ̈ÊÍË̈

ÝÏÊÆÂ̈ÅÁÊÝÂ̈

ñÃÊÏÏÓ̈

ÑÌÃÝÊÑÆ̈

ñÃÊÏÏÓ̈

ÑÌÃÝÊÑÆ̈

ÀÌÃÝÊÑÆÓ̈

ÇÌåÍË̈

ñÃÊÏÏ̈ÊÍË̈ÑÌÃÝÊÑÆ̈ÌÇ̈

ÉÄö̈ÛÏÊõÂÅ̈

øÂÂËÏÂ̈ÊÍË̈

ÝÏÊÆÂ̈ÅÁÊÝÂ̈

ðÄÅÆÌÇÆÂËÓ̈

ËÂÍËÇÄÆÂ̈ÏÄõÂ̈

$ $ $
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+,-$.-/0$1-23425678-$867$.-$60029.:0-;$04$<<=$>?$@,98,$
6884:70-;$342$0,-$A2-60-/0$;-82-6/-$97$BC+$6/$845162-;$
04$0,-$86/-$@90,4:0$97,9.9042?$67;$@,98,$04A-0,-2$@90,$
<<=$D$/,4@-;$0,-$A2-60-/0$-33-80$47$82E/06F$5421,4F4AE$
67;$A-F$/02-7A0,G$H40,$<<=$>$67;$<<=$D$/,4@-;$
56I95:5$970-2680947$,-60$J6F:-/?$@,98,$62-$47$0,-$
6J-26A-$43$6FF$K$/651F-/$0-/0-;G$=-/190-$0,-$3680$0,60$<<=$L$
6884:70-;$342$0,-$,9A,-/0$970-2680947$,-60?$0,9/$/651F-$
/,4@-;$F4@-2$973F:-78-$47$BC+$67;$A-F$.2-6M6A-$
/02-7A0,$6/$845162-;$04$<<=$>$04$NG$+,-$2-6/47$342$0,9/$
@6/$;-1980-;$.E$O<P$956A97A?$6/$<<=$L$6884:70-;$342$
@6I$82E/06F/$0,60$62-$-90,-2$24:7;$67;$/56FF$82E/06F/$42$
6//-5.F9-/$43$5:F091F-$1F60-/$Q497-;$04A-0,-2?$@,98,$@-2-$
F62A-2$97$0406F$/9R-$0,67$0,-$6J-26A-$1F60-$/,61-$82E/06F/$
3425-;$@90,4:0$97,9.9042$SL>TG$U62A-2$A-45-029-/$867$F-6;$
04$6$,9A,-2$;-A2--$43$0,2--$;95-7/9476F$970-2F48M97A?$67;V
,-78-$0,-$97,9.9042$1-23425678-$43$<<=$L$@6/$F4@-2G$
W7$8478F:/947?$74$8422-F60947$@6/$34:7;$.-0@--7$0,-$
970-2680947$,-60$5-6/:2-;$J96$W+O$67;$1-23425678-$
8,62680-29/098/?$/:8,$6/$6$,9A,$;-82-6/-$97$BC+$42$A-F$
.2-6M6A-$/02-7A0,G$C339790E$.-0@--7$16263397$@6I$67;$BW$
611-62/$04$.-$6$7-8-//90E$342$84X12-8919060947$43$BW$97$0,-$
3425-;$@6I$82E/06F/?$.:0$0,-$6.9F90E$43$0,-$BW$04$8,67A-$
@6I$82E/06F$5421,4F4AE$04$/56FF-2$82E/06F/$@90,$F-//$
1241-7/90E$04$970-2F48M$9/$6$82:896F$1241-20E$6/$@-FF$SL>TG$
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+4$8,62680-29R-$0,-$-33-80$43$BW/$:/-;$97$0,9/$/0:;E$4704$
@6I$82E/06FF9R60947?$-I1-295-70/$:/97A$=mO?$O<P$67;$
2,-45-02E$@-2-$847;:80-;G$<<=$><$67;$6/1,6F0-7-/$@-2-$
/-F-80-;$6/$2-12-/-70609J-$BW$8,-59/029-/?$.-86:/-$<<=$>$

/,4@-;$0,-$.-/0$1-23425678-$6/$;-1980-;$97$+6.F-no?$67;$

6/1,6F0-7-/$62-$6$760:26F$1620$43$82:;-$49FG$=mO$
5-6/:2-5-70/$62-$;-1980-;$97$p9AG$N$04A-0,-2$@90,$6J-26A-$
BC+$J6F:-/$67;$/067;62;$;-J960947$4.0697-;$3245$0,2--$
5-6/:2-5-70/G$

<<=$><$6884:70-;$342$6$;-82-6/-$43$61124I9560-FE$>GK$qO$
6/$845162-;$04$0,-$97,9.9042$32--$86/-$67;$6F/4$8,67A-;$0,-$
/,61-$43$0,-$,-60$12439F-$04$/,621-2$-;A-/$60$0,-$47/-0$43$
@6I$82E/06FF9R60947?$6/$@-FF$6/$6$/-847;$F486F$56I95:5$60$
61124I9560-FE$r$qOG$+,-$6;;90947$43$6/1,6F0-7-/$
6884:70-;$342$74$s:6F90609J-$8,67A-$43$0,-$=mO$,-60$
12439F-G$P42-4J-2?$6/1,6F0-7-/$F-;$04$74$;-0-806.F-$
;-82-6/-$97$BC+?$@,98,$867$.-$-I1F697-;$.E$0,-$3680$0,60$
0,-$6/1,6F0-7-/$04$@6I$26094$9/$F4@-2$0,67$97$0,-$12-J94:/$
/0:;EG$C/1,6F0-7-/$,6J-$.--7$2-1420-;$04$/-2J-$6/$@6I$
82E/06FF9R60947$/90-/$67;$0,-2-342-$9782-6/-$0,-$8F4:;$14970V
SLt?$LKT?$@,98,$84:F;$.-$0,-$2-6/47$342$0,-$47$6J-26A-$
,9A,-2$BC+$6/$845162-;$04$0,-$97,9.9042$32--$86/-G$

O45162-;$@90,$-I1-295-70/$F9/0-;$97$+6.F-no?$0,-$@6I$

8470-70$@6/$;4:.F-;$04$>r$@0u$60$6$847/0670$8478-70260947$
43$>rrr$115$BW$04$124J9;-$.-00-2$8451626.9F90E$04$A-F$
.2-6M6A-$/02-7A0,$5-6/:2-5-70/G$CF/4$847/9;-297A$6$
8,67A-$97$.:FM$/4FJ-70?$0,-$4.0697-;$BC+$J6F:-/$

847/-s:-70FE$62-$;933-2-70$3245$+6.F-no?$.:0$/,4@$6$

/959F62$02-7;G$+,-$2-/:F0/$43$A-F$.2-6M6A-$5-6/:2-5-70/$
62-$;-1980-;$97$p9AG$LG$
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12-/-78-$43$6/1,6F0-7-/?$0,-$A-F$.2-6M6A-$/02-7A0,$@6/$
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*+,-./0+1$2+345$67$+687,975$./$.$/7-:7,./3,7$+*$;$<=>$

=+-:.,75$/+$?.647@AB$/C7$D74$6,7.E.D7$8/,71D/C$F0/C+3/$

01C060/+,$08$80-04.,$01$9.437$*+,$6+/C$8+4971/8>$GGH$IG$C.8$
/C7$8.-7$7**72/$.8$GGH$I>$?C7$.550/0+18$+*$.8:C.4/7178$
47.5$/+$.$8-.447,$572,7.87$01$D74$6,7.E.D7$8/,71D/CB$FC02C$
2+345$67$.$,7834/$+*$/C7$*.2/$/C./$/C7$.8:C.4/717$/+$F.J$,./0+$
08$C.4*>$=GK$0-.D78$+*$/C7$2,L8/.4$8/,32/3,78$*+,-75$./$/C08$
/7-:7,./3,7$.,7$57:02/75$01$M0D>$N$.15$M0D>$O>$

@
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VVn@AV@ko[__[Xl@̂Q_j@A]@̂_̀@̂Ya@Qb@acdZbZe@Y_@f@gUS@

?C7$-.2,+2,L8/.44017$F.J$2,L8/.440p78$01$JL47178$.8$
:,75+-01.1/4L$:4./7$8C.:75$2,L8/.48B$.15$8+-7$2,L8/.48$
.::7.,$/+$C.97$8/7.,02$271/7,8$FC7,7$8797,.4$:4.178$.,7$
401E75$/+D7/C7,>$q8:C.4/7178$2.3875$F.J$/+$2,L8/.440p7$01$
-+,7$,+315$.15$5715,0/7$40E7$8C.:78B$.15$GGH$IG$
:,+-+/75$/C7$D,+F/C$+*$:,75+-01.1/4L$,+315$.15$2+-:.2/$
2,L8/.4$8C.:78$/C./$.,7$2+18057,.64L$8-.447,>$?C7$,7834/8$+*$

=GK$0-.D01D$08$01$.D,77-71/$F0/C$6+/C$?.647rs$.15$

,C7+-7/,02$-7.83,7-71/8B$FC7,7$.8:C.4/7178$8C+F75$
8+-7$7**72/$.15$GGH$IG$8C+F75$.$D,7./$7**72/>$

q44$01$.44B$/C7$5+23-71/75$7**72/$+*$/C7$/F+$tu8$08$01$
.D,77-71/$F0/C$:,790+38$,7834/8>$K+,7+97,B$/C7$
:3,0*02./0+1$+*$GGH$I$.::7.,8$/+$1+/$C.97$2C.1D75$/C7$
:7,*+,-.127$+*$/C08$:+4L-7,$*+,$/C7$-.2,+2,L8/.44017$F.J$
3875>$
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?F+$508/012/$/7-:7,./3,78$F7,7$87472/75$*+,$u?=$
7J:7,0-71/8>$q/$�N$<=B$/C7$F.J$08$*344L$8+436040p75$01$
JL47178B$.8$/C08$/7-:7,./3,7$08$.6+97$tq?>$q/$��$<=$.$
27,/.01$.-+31/$+*$F.J$C.8$:,720:0/./75B$63/$/C7$F.J$
508:7,80+1$8/044$,7-.018$*344L$*4305B$FC02C$08$.$1727880/L$/+$
7183,7$2+-:47/7$-0J01D$01$u?=>$q8$2+-:.,75$/+$/C7$
:,790+38$8/35LB$/C7$.8:C.4/717$.15$GGH$2+1271/,./0+18$
C.97$6771$5+36475$/+$012,7.87$87180/090/L$+*$/C7$
-7.83,7-71/8>$?C7$,7834/8$*+,$/C7$01/7,.2/0+18$67/F771$
GGH$IG$.15$-.2,+2,L8/.44017$F.J$.,7$:,7871/75$01$M0D>$�B$
/+$FC02C$/C7$.22+,501D$C7./$:,+*0478$.,7$408/75$.8$M0D>$I�$
.15$M0D>$II$01$/C7$.::7150J>$

u1$/C7$,.F$C7./$:,+*0478$+*$M0D>$I�$.15$M0D>$IIB$.44$01�72/0+1$
/L:78$8C+F$.$4+2.4$-010-3-$,0DC/$.*/7,$7.2C$01�72/0+1B$
.*/7,$FC02C$/C7$C7./$80D1.4$,7/3,18$/+$/C7$6.874017>$�14L$01$
2.87$+*$01�72/0+18$+*$:3,7$JL47178$01/+$I�$F/�$F.J$01$
JL47178$./$��$<=B$/C7$80D1.4$08$1+/$*344L$7�30406,./75$./$/C7$
715$+*$7.2C$01�72/0+1$01/7,9.4>$u1$/C08$2.87B$.1$01�72/0+1$
01/7,9.4$+*$O�$-01$F.8$2C+871B$FC02C$,7:,7871/8$/C7$
4.,D78/$:+880647$01/7,9.4$/+$40-0/$7J:7,0-71/$/0-7$.15$
/C7,76L$/C7$01*437127$+*$8+4971/$79.:+,./0+1>$u1�72/0+18$+*$$

GGH$IG$01$JL47178$01/+$F.J$01$JL47178$./$��$<=$F7,7$
2+1532/75$01$01/7,9.48$+*$O�$-01$.8$F744B$.15$.44$+/C7,$
01�72/0+1$/L:78$F7,7$5+17$3801D$01�72/0+1$01/7,9.48$+*$N$/+$
I�$-01>$?C7$7J:7,0-71/$/0-7$F.8$-.57$50-7180+14788$6L$
5090501D$6L$/C7$/+/.4$7J:7,0-71/$53,./0+1$01$+,57,$/+$
:,+9057$67//7,$2+-:.,.6040/L$+*$/C7$D,.:C8>$?C7$01/7D,./75$
C7./$9.4378$01$M0D>$�$8C+F$/C./$./$6+/C$/7-:7,./3,78B$/C7$
4.,D78/$C7./$2+1/,063/0+1$08$537$/+$/C7$5043/0+1$+,$
,7�5088+43/0+1$+*$-.2,+2,L8/.44017$F.J>$?C08$08$/+$67$
7J:72/75$.8$/C08$2+-:+171/$08$:,7871/$./$/C7$C0DC78/$
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+,-.,/012,3$4/5,.067/8$79$::;$<:$6/07$+=-,$87>?,/0$@1?,$0@,$
>7A,80$@,10$.7/0-6B=067/$97-$B70@$0,C+,-10=-,83$D0$EF$GHI$
0@,$6/0,-1.067/$@,10$68$J,.-,186/2$1++-7K6C10,>L$>6/,1->L$
A60@$6/5,.067/$/=CB,-3$D0$MN$GHI$0@,$6/0,-1.067/$@,10$1>87$
97>>7A8$1$J,.-,186/2$0-,/J$0@10$18LC+0706.1>>L$1++-71.@,8$
O,-7$/,0$@,10$07A1-J8$0@,$96/1>$6/5,.067/83$PK+,-6C,/08$
A@,-,$::;$<:$68$6/5,.0,J$6/07$A1K$8@7A,J$7/$1?,-12,$<3Q$
06C,8$@62@,-$@,10$?1>=,8$10$MN$GH$0@1/$10$EF$GH3$R@,$96/1>$

6/0,-1.067/$@,10$10$MN$GHI$@7A,?,-I$68$7/$1?,-12,$SN$06C,8$
2-,10,-$0@1/$0@,$6/0,-1.067/$@,10$10$EF$GH3$R@,$122-,210,$
8010,$79$0@,$A1K$0@,-,97-,$@18$.-=.61>$6/9>=,/.,$7/$0@,$
-,8+7/8,$79$0@,$8L80,C3$D/1>727=8$C,18=-,C,/08$A,-,$
C1J,$A60@$18+@1>0,/,8$1/J$1-,$J68+>1L,J$6/$T623$S3$R@,$
1..7-J6/2$@,10$+-796>,8$1-,$8@7A/$6/$0@,$1++,/J6K$18$T623$
<M$1/J$T623$<E3

U
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Publication III 

Wax-Inhibitor Interactions Studied by Isothermal Titration Calorimetry and 
Effect of Wax Inhibitor on Wax Crystallization 
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Publication IV 

Inhibitor-wax interactions and PPD effect on wax crystallization: New 
approaches for GC/MS and NMR, and comparison with DSC, CPM, and 
rheometry 
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[YMb[cdMedMJKLMUZZ[P[fLMNTLLMOUVLMVKQ\LZM\U]MOT̂VPUXX[_UP[QYM\[PKMOQghQ[YLZMVPT̀OP̀TLVM[YMPKLMV[_LMTUYcLM
QNMijMklmnopmlqrstmuvwxysrzo{mq|mlwvyz}vsmvn~srxmnrqwopmnmxysnrz�m�soysrm�nom�smq�xsr�sp�mnopmy�LM
[YZ[f[Z̀UXM�TUYOKLVMUTLM�QVPX̂MVPTU[cKPdM�̀OKMVPT̀OP̀TLVMOUYM�LM[YPLTWTLPLZMUVMYLLZXLgVKUWLZMOT̂VPUXVM
PKUPMUTLMOTQVVgX[Y�LZMPQMNQT�M�SMVPT̀OP̀TLVdM�XPLTYUP[fLX̂�MPKLMQ�VLTfLZMcLQ�LPT[LVMOQ̀XZMTLWTLVLYPMWXUPLM
VKUWLZMOT̂VPUXVMPKUPMUTLMV�L\LZM\[PKMTLVWLOPMPQMPKLMWXUYLMQNMQ�VLTfUP[QYdM�ZZ[P[QYMQNMRRSM�MUYZMRRSM�M
�QPKMTLV̀XPLZM[YMPKLMNQT�UP[QYMQNMZ[VPQTPLZMUYZMV�UXXLTMOT̂VPUXVM\[PKMPKLMXQ\LVPM̂[LXZMVPTLYcPKdMRRSM�M
XLZMPQMPKLMNQT�UP[QYMQNMV�UXXMUYZMN[YLX̂MZ[VWLTVLZM\U]MOT̂VPUXVdMRRSM�MUZZ[P[QYMTLV̀XPLZM[YMTQ̀YZX̂M
VKUWLZMOT̂VPUXMOX̀VPLTVdM�QPKMRRSM�MUYZMUVWKUXPLYLVMUXVQMVKQ\LZMPKLMNQT�UP[QYMQNM�QTLMN[YLX̂MZ[VWLTVLZM
\U]MOT̂VPUXVdM�YMOUVLMQNMRRSM��MPKLM�R�M[�UcLMUWWLUTVMPQMOQYPTUZ[OPM̂[LXZMVPTLYcPKM�LUV̀TL�LYPV�M
V[YOLMOT̂VPUXMZ[�LYV[QYVM\LTLMVKQ\YMPQM�LMV�UXXLTMPKUYM\[PKQ̀PMUZZ[P[fLdM�Q\LfLT�MPKLMOT̂VPUXMYLP\QT�M
UWWLUTLZMZLYVLT�M\K[OKMOQ̀XZML]WXU[YMPKUPMPKLMTLV̀XP[YcM̂[LXZMVPTLYcPKM\UVMK[cKLTdM�VWKUXPLYLMUZZ[P[QYM
V[cY[N[OUYPX̂MXQ\LTLZMcLXM̂[LXZMVPTLYcPKMUYZMPKLMOT̂VPUXMYLP\QT�M[VMUXVQMXLVVMZLYVLMPKUYMNQTMRRSM�dM



�

� �

� �

�������������	
����
���������	�����
���������	
��
�����
�������
������
������
��� �!���"#��
��
�����������������������#�

��
$��
����
$�����
��
��
����#�
	�����������	���������#
���
��������

%&'()*+,-./01.*1234/2.&5.6+27&'1/*8.),9.-14.8+149.2/*1,-/0:./01*1.)((1)*2./&.;1.).9+551*1,71.+,.)99+/+61.
15517/.91(1,9+,-.&,./01.201)*.7&,9+/+&,2.93*+,-.<)=.7*82/)44+>)/+&,?.@/.0)2.;11,.(&+,/19.&3/.;8.&/01*.
)3/0&*2./0)/.+,7*1)219.201)*+,-.7),.*1234/.+,./01.*1937/+&,.&5.-14.8+149.2/*1,-/0.931./&./01.*3(/3*1.&5.
7*82/)4A7*82/)4.4+,B)-12.CDE:.FGH?.I2.).*1234/:.)/.AJ.K%.;&/0.)2(0)4/1,12.),9.,&.LLM.20&<.201)*.2/*12212.
/0)/.)*1.)((*&=+')/148./<&.&*91*2.&5.')-,+/391.4&<1*.)5/1*.7&,/+,3&32.201)*+,-./0),./01.8+149.2/*12212.
)5/1*.N3+1271,/.7&&4+,-?.I42&:.).2+-,+5+7),/.+'(*&61'1,/.&5.54&<A);+4+/8.<)2.')91.;8.)99+/+&,.&5.LLM.%.
)2.20&<,.+,.O+-?.G:.<01*1)2.+,.O+-?.P./01.-14.8+149.2/*1,-/0.<)2.0+-01*.7&'()*19./&./01.)99+/+61.5*11.
7)21?.Q01)*+,-./01*15&*1.7),.+'(*&61./01.15517/.71*/)+,.LLM2.0)61.&,.<)=8.-14)/+&,?.I44.+,.)44:./01.
*1234/2.)*1.+,.)-*11'1,/.<+/0.&/01*.2/39+12.(3;4+2019.&,./01.15517/.&5.LLM.&*.)2(0)4/1,1.&,.<)=.
7*82/)44+>)/+&,.),9.-144+,-.CER:.EF:.ST:.FPAUJH?.V&*1&61*:.+/.7),.;1.7&,743919./0)/.LLM.I.),9.LLM.W.

XXYZ[Z

\]̂_̀abcbdbefb

XXYZgZ

\]̂_̀abcbdbefb

XXYZhZ

\]̂_̀abibjklmnbobnkmpbefb
[qrstuvwxwqZ

\]̂_̀abibkmdbobymjbefb

z{ZXXYZ

\]̂_̀abibnyymnbobn|m|befb



��������������	�
��������
����
������	�
���
����
�������������������
���
	������������������������
��
	�
��������������
��������������
���������

��	�
���������
��������������
���������������������

����� !"#$#%&'()*+,#!%-'*.%#&!/,/%01#-1,#!,2#30#1,4"*/-,

����5��6*+,4'-.#4#%*%#&!,/%01#-1,$7,89:,

;���;<=����������
�����
��>?@�������������������������������A�B��CD��
��E��������F���
������
���G����

���������
�������������������������������
������������������
���;��������������������������	��
���

	���
����
������
���
��������������������B����������������G
����������	�������
�
����������

�
�=������������B���H����I��
�������J����������������
�����������������������B������H��;�������H���������

�
	�������
�����;<�	�������������B������������������
����������B�F���
���������������������
�����

�������
���
��������������������
����CK��
���������������������;<�
��CD=L���������
�������������������

����������
�������������
�����
�
������	����������F���	���������������������
����	�
������
������

� �

� �

� �
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HIJ�KLML�NO�PQRS�T�ULV�WNXYJZMJK�QXMN�MIJ�[\]�YQL�MIJ�̂ZNWJK_ZJ�KJVWZQ̀JK�QX�VJWMQNX�aSb�LXK�ZJV_cMV�

LZJ�KQV̂cLdJK�PQRS�ebS�fcc�\\gV�QXK_WJK�MJĥ JZLM_ZJ�KĴZJVVQNX�NO�MIJ�[\]i�̀_M�XNM�LV̂ILcMJXJVS�PNZ�

\\g�fi�MIJ�[\]�KĴZJVVQNX�QV�VQhQcLZ�MN�MZLXVcLMQXR�MIJ�[\]�NO�LKKQMQYJ�OZJJ�JĵJZQhJXMV�̀d�a�k�b�l]S�

mX�NMIJZ�UNZKVi�MIJ�W_ZYJV�LZJ�LchNVM�̂LZLccJc�NX�MIJ�MJĥJZLM_ZJ�QXMJZYLc�̀JMUJJX�en�l]�LXK�on�l]S�PNZ�

\\g�p�MIJZJ�QV�L̂ ẐNjQhLMJcd�XN�ZJK_WMQNX�QX�̂ZJWQ̂QMLMJK�ULj�_XMQc�en�l]S�fOMJZ�MILM�MIJ�[\]�

KĴZJVVQNX�V_ẐLVVJK�JYJX�\\g�fS�\\g�]�dQJcKJK�XNML̀cJ�ZJK_WMQNX�QX�̂ZJWQ̂QMLMJK�ULj�NXcd�̀JcNU�

eq�l]S�HIJ�MZJXKV�ONZ�[\g�KĴZJVVQNX�WNZZJV̂NXK�UQMI�MIJ�NZKJZ�NO�̂NcdhJZ�̂ZJWQ̂QMLMQNX�NO�PQRS�ri�QSJS�

\\gV�UQMI�L�IQRIJZ�̂ZJWQ̂QMLMQNX�NXVJM�MJĥ JZLM_ZJ�LcVN�VMLZMJK�MN�KJWZJLVJ�MIJ�LhN_XM�NO�̂ZJWQ̂QMLMJK�
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@A$BCCDAEFGBHI$HJI$KLM$NO$PFQIR$SBHB$TDAG$UM$BRBVOWFWX$HJI$DIVBHFQI$SIYDIBWI$Z[$FR$M\]$HA$M̂]$

_̀BVaBRI$bBW$YAGCcHISd$eAVVAbFRP$IfcBHFAR$ghiX$HJFW$SIYDIBWI$bBW$YBVYcVBHIS$BW$HJI$WcG$AT$_̀BVaBRIW$

BH$B$YIDHBFR$WBGCVFRP$HIGCIDBHcDI$jklmnopqrst$SFQFSIS$NO$HJI$WcG$AT$BVV$GIBWcDIS$_̀BVaBRIW$

jkumovwxsyz{|}d$@JFW$CIDYIRHBPI$FW$ARVO$BR$BCCDAEFGBHFAR$AT$HJI$BYHcBV$KLMX$IWCIYFBVVO$BW$RAH$BVV$

CDIYFCFHBHFRP$YAGCARIRHW$BDI$FRYVcSISd$

$
Z[lmnopqrst~���[�

� jklmnopqrst
��
k���

� jkumovwxsyz{|}
��
k���

$
ghi$

$

�W$YBR$NI$WIIR$FR$eFPd$��X$HJI$_̀BVaBRI$SIYDIBWI$FRYDIBWIW$TAD$BVV$WBGCVIW$BW$HJI$WBGCVFRP$HIGCIDBHcDI$
FW$VAbIDISd$@JI$DIVBHFQI$IDDAD$bBW$YAGCcHIS$BYYADSFRP$HA$HJI$CDACBPBHFAR$AT$cRYIDHBFRHOX$NcH$FW$RAH$
QFWFNVI$FR$eFPd$��$ScI$HA$VAb$QBVcIWd$@JI$SICFYHIS$SFTTIDIRYIW$HJIDITADI$YBDDO$B$JFPJ$WHBHFWHFYBV$
WFPRFTFYBRYId$eAD$LL�$M$BRS$BWCJBVHIRIWX$HJI$_̀BVaBRI$SIYDIBWI$FW$VAbID$HJBR$HJI$BSSFHFQI$TDII$WBGCVI$
BH$HIGCIDBHcDIW$AT$\$�$�̂$�Md$eAD$LL�$�$BRS$LL�$�X$HJI$DIVBHFQI$SIYDIBWI$FW$JFPJID$HJBR$HJI$BSSFHFQI$
TDII$YBWI$BH$�$�M$BRS$NIVAbd$@JIWI$DIWcVHW$BDI$YAcRHID$FRHcFHFQI$ScI$HA$B$DIQIDWIS$HDIRS$BW$YAGCBDIS$HA$
KLMW$ANHBFRIS$NO$��M$geFPd$��i$BRS$���$geFPd$�̂id$�FRYI$HbA$AHJID$HIYJRFfcIW$WJAb$B$VAbID$HAHBV$
BGAcRH$AT$CDIYFCFHBHIS$bBE$bFHJ$LL�$�$BRS$LL�$�X$FH$BCCIBDW$HJBH$HJIWI$BSSFHFQIW$CDAGAHI$
CDIYFCFHBHFAR$AT$M\]$HA$M̂]$_̀BVaBRIW$AQID$AHJID$YAGCARIRHWd$�cYJ$BR$ANWIDQBHFAR$GBaIW$WIRWI$TDAG$HJI$
QFIbCAFRH$HJBH$FRScWHDFBV$LL�WX$IWCIYFBVVO$YAGN$CAVOGIDWX$BDI$ATHIR$HBFVADIS$HA$YJIGFYBVVO$GBHYJ$HJI$
bBE$GAVIYcVIW$DIWCARWFNVI$TAD$PIVVFRP$��X$�̂�d$�$CAWWFNVI$IECVBRBHFAR$FW$HJIDITADI$HJBH$LL�$�$BRS$
LL�$�$FRYDIBWI$WIVIYHFQFHO$TAD$CDIYFCFHBHFAR$AT$_̀BVaBRIW$AQID$���̀BVaBRIWX$bJFYJ$bIDI$fcBRHFTFIS$FR$
��M$BRS$���X$NcH$RAH$FR$UM���d$�AbIQIDX$GADI$SBHB$FW$RIISIS$HA$YARTFDG$HJFW$FRTVcIRYI$AR$WIVIYHFQI$
bBE$CDIYFCFHBHFARd$
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�̀Zr).Z̀,#�'Ò)#O)�"#*�q)O(#,-,$l%�KL�j���~R�TW�r���L�L��L�M��

�g�� h)#i"Q)Z"#%�P�%�)Q�"-�%�EA4279=4:H9A26̂250=0̂̂8:2H4?72̂6=>4G2a:G4=279098B20:G2̂?6w2B6:G8986:7y�
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Influence of Wax Inhibitor Molecular Weight: Part 1. Fractionation and Effect 
on Crystallization of Polydisperse Waxes. 
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Asphaltene fractionation based on adsorption onto calcium carbonate: Part 3. 
Effect of asphaltenes on wax crystallization 
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