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Resumen—El presente proyecto tuvo como objetivo reciclar el 
PVC proveniente de tarjetas plásticas de identificación 
caducadas y desechadas. Se obtuvo como producto final un 
pegamento de tuberías de PVC, denominado cemento solvente de 
PVC, el cual fue comparado con un cemento solvente comercial. 
El proceso consistió en: disolución de las tarjetas, separación de 
cargas, recuperación de solvente y obtención del producto. Se 
probaron dos tipos de solvente y se compararon las 
características de los productos obtenidos con cada uno de ellos. 
El cemento solvente de PVC se caracterizó mediante un análisis 
de volátiles y un ensayo de adhesión. 

Palabras claves-; tarjetas plásticas de identificación, PVC, 
reciclaje, cemento solvente. 

Abstract—The aim of this project was recycling PVC recovered 
from plastic expired and discarded ID cards.A PVC pipe glue, 
called PVC solvent cement, was obtained as product of the 
recycling process. In addition, this productwascompared with a 
commercial solvent cement. The process involved in this project 
was dissolution of cards, filler separation, solvent recovery, and 
product obtaining. Two types of solvent were tested and the 
characteristics of thesetwo types of products werecompared. PVC 
solvent cement was characterizedbyvolatile analysis and an 
adhesion test. 

Keywords-; plastic ID cards, PVC, recycling, solvent cement. 
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1&0&' 1"1/-' 0+' 1+34%";$#&1"@3?' .&%&' /&' 7C' D' *C!?'
%+2.+14">&,+34+)'R+'.$+0+'3-4&%'1-,-'.&%&'+/'2"24+,&'0"2$+/4-'
+3'7C?'/&'1&34"0&0'0+'1&%#&2'2+.&%&0&2';$+',+3-%'1-3'%+2.+14-'
&/' 2"24+,&' 0"2$+/4-' +3' *C!?' D&' F$+' +/' /<F$"0-' 0+/' 2"24+,&'
IJ787C'+%&',U2'-21$%-)'

93' /&'!"#)'Y2+',$+24%&'$3&'1-,.&%&1"@3'+34%+'+/' %+2$/4&0-'
0+'1&0&'1"1/-'0+'1+34%";$#&1"@3'.&%&'+/'2"24+,&'0"2$+/4-'+3'7C)'
93'/&'!"#)'Z'2+',$+24%&'$3&'1-,.&%&1"@3'+34%+'+/' %+2$/4&0-'0+'
1&0&'1"1/-'0+'1+34%";$#&1"@3'.&%&'+/'2"24+,&'0"2$+/4-'+3'*C!)'

D. Recuperación del solvente 
92' +24+' .%-1+2-?' 2+' 0+4+%,"3@' F$+' +/' 2-/>+34+' ,U2

2$21+.4"=/+'&'%+1$.+%&%2+?'0+20+'+/'.$34-'0+'>"24&'0+'+;"1"+31"&'
0+' %+1$%2-2'$4"/"M&0-2?'+2'+/'*C!)'G+="0-'&'F$+'+/'>&/-%'0+'/&'
4+,.+%&4$%&'0+'+=$//"1"@3'0+/'*C!?'YZ'67?'+2',U2'.+F$+[-'+3'
1-,.&%&1"@3' &' /&' 0+' 7C?' WK:' 67?' +/' 4"+,.-' 3+1+2&%"-' .&%&'
%+1$.+%&%'+/'2-/>+34+';$+',+3-%'.&%&'+/'*C!?'/-'1$&/'0+4+%,"3@'
$3&' ,+3-%' 1&34"0&0' 0+' &#$&' 0+' +3;%"&,"+34-' .&%&' /&'
%+1$.+%&1"@3?' D' .-%' +30+?' $3&' ,+3-%' 1&34"0&0' 0+' +3+%#<&' D'
%+.%+2+34&%<&' ,+3-%' 1-24-' 2"' +24+' 2$=.%-1+2-' B0+24"/&1"@3E' 2+'
"30$24%"&/"M&)'
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!
!

!
"#$%&'!()!*+,-'&'.#/0!123!04,2&+!12!.#.3+5!12!.206&#7%$'.#/0!20!23!5#562,'!.+0.#.3+829'0+0':!';!6'&<26'5!1#5%236'5=!>;!?2&'!.206&#7%$'.#/0=!.;!@1'!.206&#7%$'.#/0!A!

1;!B2&'!.206&#7%$'.#/0!

!
"#$%&'!C)!*+,-'&'.#/0!123!04,2&+!12!.#.3+5!12!.206&#7%$'.#/0!20!23!5#562,'!.+0!626&'8#1&+7%&'0+:!';!6'&<26'5!1#5%236'5=!>;!?2&'!.206&#7%$'.#/0=!.;!@1'!

.206&#7%$'.#/0!A!1;!B2&'!.206&#7%$'.#/0

!

E. Análisis al cemento solvente de PVC 
1) Análisis de volátiles 
*+,+!52!-%1+!0+6'&!20!3'!"#$)!(!A!"#$)!C!23!&25%36'1+!12!3'!

62&.2&'! .206&#7%$'.#/0! D.2,206+! 5+3E2062;! 2&'! %0! 3FG%#1+! .'7H!
+5.%&+! A! E#5.+5+)! I2! 8'.2! 256'! '.3'&'.#/0!12>#1+! '! G%2! 6+1+5!
3+5! 6#-+5! 12! .2,206+5! 12! JK*! .+,2&.#'325! 5+0! #0.+3+&+5=! 25!
12.#&! G%2! %0'! 12! 3'5! 1#72&20.#'5! 206&2! 23! .2,206+! +>620#1+! '!
-'&6#&!12!6'&<26'5!12!#1206#7#.'.#/0!A!%0!.2,206+!.+,2&.#'3!52&L!
3'!-&25206'.#/0!E#5%'3!12!2562!-&+1%.6+)!

M'5! &23'.#+025! 12! 1#5+3%.#/0! D?N(! 6'&<26'5NOP"! A! ?NC!
6'&<26'5N*P;! 7%2&+0! 1262&,#0'1'5! -'&'! %0! ,F0#,+! %5+! 12!
5+3E2062=!3+!.%'3!'362&/!3'!.+0.206&'.#/0!-&+-%256'!#0#.#'3,2062!
12! +>6202&! %0! -2$',206+! .+0! BQ! R! 12! JK*)! S56+! +>3#$/! '!
1262&,#0'&! 3'! .'06#1'1! 12! 5+3E2062! G%2! 620F'0! 3+5! 5#562,'5!
OP"TJK*! A! *PTJK*! 3%2$+! 12! 3'! 62&.2&'! .206&#7%$'.#/0!
,21#'062!3'!0+&,'!UIOV!WBQBQ)!

M%2$+! 123! 62&.2&! .#.3+! 12! .206&#7%$'.#/0=! 3'! .+0.206&'.#/0!
12! 5+3E2062! DR! E+3L6#3;=!,+56&/! %0! E'3+&! 12! X(! A! X?!R!YNY=!
-'&'! 23! OP"! A! *P! &25-2.6#E',2062=! .+0! 3+! .%'3! 52! 12>#/!
1256#3'&!8'56'!+>6202&!%0!-+&.206'<2!12!E+3L6#325!.2&.'0+!'3!ZQ!
R)!I2!8'>3'!12!%0!-+&.206'<2!'-&+9#,'1+!D.2&.'0+;=!12>#1+!'!
G%2! 23! -&+.25+! 12! 1256#3'.#/0! 0+! 52! -%212! #062&&%,-#&!
>&%5.',2062!A!+>6202&!3'!.+0.206&'.#/0!1252'1'=!-+&!3+!G%2!52!
1256#3/! 8'56'! &2.%-2&'&! %0! E+3%,20! 12! 5+3E2062! G%2! -2&,#6'!
+>6202&!%0'!.+0.206&'.#/0!-&/9#,'!'!3'!-&+-%256'!#0#.#'3,2062)!

S0!3'!O'>3'!?!52!,%256&'0!3'5!.+0.206&'.#+025!7#0'325!12!3+5!
1+5!.2,206+5!5+3E20625!12!JK*=!+>620#1'5!,21#'062!23!'0L3#5#5!
12!E+3L6#325=!.+0!>'52!20!3'!0+&,'!UIOV!WBQBQ)!!

*+,+! 52! -%212! +>52&E'&! 20! 3'! O'>3'! ?=! 3'! .+0.206&'.#/0!
6'06+! 12! OP"! .+,+! 12! *P=! 7%2&+0! ,%A! .2&.'0'5! '! 3'!
.+0.206&'.#/0!-&+-%256'!DZQR!5+3E2062;)!!

!

I#0! 2,>'&$+=! 3'! 125E#'.#/0! 256L01'&! 123! OP"! -&25206/! %0!
E'3+&!,%.8+!,'A+&!'!.+,-'&'.#/0!.+0!3'!12!*P=!3+!.%'3!-%1+!
12>2&52!'!3'!E+3'6#3#1'1!123!OP")!S3!OP"=!'3!52&!%0!.+,-%256+!
,%A!E+3L6#3=!-&25206/!1+5!25.20'&#+5=!-&+-#+5!12!3'!1256#3'.#/0=!
'3!,+,206+!12!5%!&2.%-2&'.#/0:!'!%0'!#062&&%-.#/0!62,-&'0'!12!
3'!1256#3'.#/0=!52!&2.%-2&/!%0'!,20+&!.'06#1'1!12!5+3E2062!G%2!
3'! 1252'1'[! A! '! %0'! #062&&%-.#/0! 6'&1F'! 12! 3'! 1256#3'.#/0=! 23!
5#562,'! 2,-#2\'! '! 12$&'1'&52! -+&! 7'36'! 12! 5+3E2062! 20! 3'!
,2\.3')!!

OU]MU!?)!*^_*S_O`U*ab_!"a_UM!WSM!*SVS_O^!I^MKS_OS!WS!JK*!
WaIcSMO^!S_!OP"!d!*P!

Solvente Concentración solvente [w/w] 

OP"! Ce=ZX!f!Q=Xg!

*P! ZQ=eX!f!Q=BQ!

h!± σ!

!

!

"#$%&'!Z)!*2,206+!5+3E2062!12!JK*:!';!5+3E2062!*P!A!>;!5+3E2062!OP"!

!

!
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!
!

"#! $%! &'()! *! +,!-.,+/0%! $%! 1'2,0,#3'%! 4'+.%$! ,#/0,! $5+! 15+!
3,-,#/5+! +5$4,#/,+! 56/,#'15+7! %! .#%! 35#3,#/0%3'8#! 1,! 9:! ;!
<=<!1,!>?@)!

@5-5!+,!56+,04%!,#!$%!A%0/,!6B!1,!$%!25/5(0%2C%7!$.,(5!1,!D:!
-'#!+'#!.#%!3.6',0/%!%$!0,3'A',#/,7!,$!3,-,#/5!35#!EF&!-.,+/0%!
,#! $%+! A%0,1,+!>?@! +,35! 5! +'#! +5$4,#/,7!-',#/0%+! G.,! A%0%!,$!
3,-,#/5! 35#! @F! /51%4C%! +,! 35#+,04%! $CG.'15)! "+/%!
35#+'1,0%3'8#!H/',-A5!1,!+,3%15B!2.,!1,/,0-'#%#/,!%$!-5-,#/5!
1,! ,$,('0! 3.%$! +5$4,#/,! +,! 1,6,! ./'$'I%0! ,#! $%! A051.33'8#! 1,$!
3,-,#/5!+5$4,#/,!1,!>?@7!J!+,!35-A$,-,#/8!35#!,$!/',-A5!1,!
1'+5$.3'8#! 1,! $%+! /%0K,/%+! J! $5+! 0,+.$/%15+! 1,$! ,#+%J5! 1,!
%1L,+'8#)!

2) Ensayo de adhesión 
M%!#50-%!NOEP!QRSTU!-,#3'5#%!.#%!/0'A$,!A0.,6%!A%0%!,$!

3,-,#/5! %! ,#+%J%0+,7! 1,+A.V+! 1,! R7! DT! J! *R! L50%+! 1,! L%6,0!
A,(%15! $5+! +.+/0%/5+)! M%-,#/%6$,-,#/,! ,$! 3,-,#/5! +5$4,#/,!
1'+.,$/5! ,#! 3'3$5L,W%#5#%7! %$! #5! +,0! .#! +5$4,#/,! /%#! 45$X/'$!
35-5!,$!/,/0%L'1052.0%#57!/%01%6%!-X+!1,!R!L!,#!+,3%0+,!,#!,$!
+.+/0%/5)!N1,-X+7! 35#! 2'#,+! 35-A%0%/'45+7! ,+/,!-'+-5! ,#+%J5!
+,!0,%$'I8!A%0%!.#!3,-,#/5!+5$4,#/,!1,!>?@!35-,03'%$)!

"#! $%! E%6$%! R! +,! -.,+/0%#! $5+! 0,+.$/%15+! 1,$! ,#+%J5! 1,!
%1L,+'8#!A%0%!,$!3,-,#/5!+5$4,#/,!1,!>?@Y!35-,03'%$7!1'+.,$/5!
,#!EF&!J!@F)!

N$!35-A%0%0!$5+!4%$50,+!1,!3%0(%!-XW'-%7!-5+/0%15+!,#! $%!
E%6$%! R7! 3500,+A5#1',#/,+! %! $5+! /0,+! 3,-,#/5+! ,#+%J%15+7! +,!
A.,1,! #5/%0! 3$%0%-,#/,! 35-5! $5+! 4%$50,+! A,0/,#,3',#/,+! %$!
3,-,#/5! 1'+.,$/5! ,#! EF&! +5#! -.J! +'-'$%0,+! %$! 3,-,#/5!
35-,03'%$)!N1,-X+!+,!1,6,!%Z%1'0!G.,!,#!$5+! 0,+.$/%15+!1,! $%!
1'+5$.3'8#!1,!$%+!/%0K,/%+7!3.%#15!+,!./'$'I8!EF&!,$! /',-A5!1,!
1'+5$.3'8#!2.,!DS!-'#7!-',#/0%+!G.,!A%0%!$%!1'+5$.3'8#!35#!@F!
2.,!US!-'#)!"+!1,3'0!G.,7!3.%#15!+,!./'$'I8!,$!A0'-,0!+5$4,#/,!,$!
/',-A5!1,!1'+5$.3'8#!2.,!-.3L5!-,#50)!!

@5#!6%+,!,#!,+/5+!0,+.$/%15+7!+,!35#3$.J,!G.,!,$!+5$4,#/,!%!
,-A$,%0+,!,#!,$!A,(%-,#/5!1,!/.6,0C%+!1,!>?@!+,0X!,$!EF&)!

EN[MN!R)!\"O]MENQ^O!Q"M!"_ON`^!Q"!NQF"Oab_!>N\N!"M!
@"P"_E^!O^M?"_E"!Q"!>?@Y!@^P"\@aNM7!QaO]"ME^!"_!EF&!`!

@F!

Sistema Tiempo [h] Carga máxima [kN] 

@5-,03'%$!

R!

:7TRT9!c!:7:DTd!

EF&! :7TRSe!c!:7:D*R!

@F! f!

@5-,03'%$!

DT!

:7eDSR!c!:7:UD9!

EF&! :7eDU*!c!:7:9UT!

@F! :7ReDT!c!:7:R9S!

@5-,03'%$!

*R!

D7DRSe!c!:7:SST!

EF&! D7:DRR!c!:7:UTU!

@F! :7S:ST!c!:7:RTR!

X c g!

!

!

N!A%0/'0!1,!$5+!0,+.$/%15+!56/,#'15+!,#!$5+!1'2,0,#/,+!A.#/5+!
,+/.1'%15+7!,#!$%!&'()!e!+,!-.,+/0%!,$!1'%(0%-%!1,!6$5G.,+!A%0%!
$%!A051.33'8#!1,!3,-,#/5!+5$4,#/,!1,!>?@!%!A%0/'0!1,!/%0K,/%+!
A$X+/'3%+!1,!'1,#/'2'3%3'8#!1,+,3L%1%+)!

F. Análisis de costos  
Q,6'15! %! $%! ,+3%+%! '#250-%3'8#! 1,! 2.,#/,+! 52'3'%$,+! 35-5!

1,$!P'#'+/,0'5!1,! 1,$!N-6',#/,7! J! %!G.,! ,+/,! /'A5!1,! 0,+'1.5+!
#5!,+!35#+'1,0%15!A%0%!.#!0,3'3$%K,!35-,03'%$7!+,!35#+'1,08!G.,!
,$!35+/5!1,!$%+! /%0K,/%+!1,!'1,#/'2'3%3'8#!1,+,3L%1%+!A510C%!+,0!
+'-'$%0! %$! 35+/5! 1,$! >"E! 0,3'3$%6$,! G.,! 3500,+A5#1,! %! D7e!
]OQ=h()!!

>%0/',#15!1,!$5+!6%$%#3,+!1,!-%+%!1,$!A053,+57!,$!35+/5!1,!
A051.33'8#!1,$!20%+35!1,!R9*!-M!+,!0,%$'I8!/5-%#15!,#!3.,#/%!
35+/5+!1,!-%/,0'%$!A0'-%7!35+/5+!1,!-%#5!1,!560%! J!35+/5+! 1,!
+,04'3'5+!'#1.+/0'%$,+!$5+!3.%$,+!+,!A0,+,#/%#!,#!$%!EN[MN!9)!!

!

Q'+5$.3'8#

@,#/0'2.(%3'8# @%0(%+!,!
'#+5$.6$,+

E%0K,/%+ EF&

\,3.A,0%3'8#!1,!
+5$4,#/,

@,#/0'2.(%3'8#

@,#/0'2.(%3'8#

@%0(%+!,!
'#+5$.6$,+

@%0(%+!,!
'#+5$.6$,+

EF&

Cemento Solvente de PVC
!

&'(.0%!e)!Q'%(0%-%!1,!6$5G.,+!H[&QB!1,$!A053,+5!1,!A051.33'8#!1,!3,-,#/5!
+5$4,#/,!1,!>?@!

!

!

!
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!
!

"#$%#!&'!()*")!+),!-,#*()!./!0&1!2%!./!(/2/3")!*)%4/3"/!
./!+4(!

Descripción Valor [USD] 

2567895!:89;5! <=>?!

25@A!B7!AC85! D=DE!

#FG5! D=DD0!

/@78FH5!7IJK689K5! D=D<!

TOTAL 2,04 
!

(A;A! L7! :G7B7! ACL78M58=! 7I! KAL6A! B7! I5! :8ABGKK9N@! B7!
K7;7@6A! LAIM7@67! 5! :58698! B7! I5L! 658O765L! 7L! 0=DP! Q*.=! R! 7L!
;GKSA!;7@A8!5I!KAL6A!B7!KA;78K95I9T5K9N@!B7!B9KSA!K7;7@6A=!
UG7!5K6G5I;7@67!7@!7I!;78K5BA!8AB75! IAL!1=0&!Q*.!:A8!V85LKA!
B7! 0&1!;%'! +A8! IA! 65@6A! 7I! :8AK7LA! :8A:G7L6A! KA@L696GR7! G@5!
5I678@569M5! 87@65CI7! :585! 7I! 87K9KI5O7! B7! I5L! 658O765L! B7!
9B7@69V9K5K9N@'!

W4' ()3(%Q*W)3/*!
*7! KA@L656N! UG7! 7I! ;567895I! KA@! 7I! UG7! L7! :8ABGK7@! I5L!

658O765L!B7!9B7@69V9K5K9N@!87KAI7K65B5L!785!+4('!

/L!:AL9CI7!AC67@78!G@!:7F5;7@6A!:585! 6GC78H5L!5!:58698!B7I!
87K9KI5O7!B7!+4(!B7!658O765L!B7!9B7@69V9K5K9N@'!

/I!LAIM7@67!"X-!B9LAIM9N!7@!;7@A8!697;:A=!R!5!G@5!;7@A8!
KA@K7@685K9N@=!5!I5L!658O765L!87KAI7K65B5L=!UG7!7I!LAIM7@67!(X'!

/I!K7;7@6A!LAIM7@67!B7!+4(!B9LG7I6A!7@!"X-!LA:A86N!G@5!
K58F5!;YZ9;5!B7!5BS7L9N@!;5RA8!UG7!5UG7I!B9LG7I6A!7@!(X'!!

%5! K58F5! ;YZ9;5! B7! 5BS7L9N@! UG7! :87L7@6N! 7I! K7;7@6A!
LAIM7@67!B7!+4(!B9LG7I6A!7@!"X-!VG7!<=D<[3!R!I5!B7I!K7;7@6A!
KA;78K95I!B7!<=<&![3'!

%5L! K585K678HL69K5L! B7I! K7;7@6A! LAIM7@67! AC67@9BA! 5! :58698!
B7! I5L! 658O765L! 87KAI7K65B5L! R! B9LG7I6A! 7@! "X-=! LA@! ;GR!
L9;9I587L!5!I5L!B7!G@!K7;7@6A!LAIM7@67!KA;78K95I'!

/I!KAL6A!B7!:8ABGKK9N@!B7!G@!V85LKA!B7!0&1!;%!B7!K7;7@6A!
LAIM7@67! 5! :58698! B7! I5L! 658O765L! B7! 9B7@69V9K5K9N@! 7L! B7! 0=DP!
Q*.'!

,/-/,/3(W#*!
\<] +I5L69KL! /G8A:7! '^0D<&_'! +I5L69KL! `! "S7! -5K6L! 0D<&',7KG:785BA! B7!

aaa':5L69KL7G8A:7'7L!^258TA!0D<P_!
\0] /@F9@778L! W@B95!,7L758KS! W@L696G67! ^/W,W_'! ^0D<0_'! "7KS@AIAFR! AV! +4(!

KA;:AG@B9@FL!5@B!96L!5::I9K569A@L'!3G7M5!.7IS9'!W@B95b!/W,W!
\&] +AIMAI7@A'! ^0D<D_'! +AI9KIA8G8A! B7! 49@9IA'! ,7KG:785BA! B7!

S66:bccaaa':AIMAI7@A'KA;!^AK6GC87!0D<P_!
\P] Q@9M78L9B5B! (56NI9K5! B7! *5@695FA! B7! dG5R5UG9I! ^Q(*d_'! ^0D<0_'!

W@VA8;7!B7!(ARG@6G85!/KA@N;9K5'!dG5R5UG9I=!/KG5BA8b!,7KG:785BA! B7!
S66:bccaaa'7IV9@5@K978A'KA;cC5@K5e7L:7K95I7Lc67;5e<0e0D<0cC5@K5eD<
e0D<0':BV!^.9K97;C87=!0D<P_'!

\E] 49@RI! /@M98A@;7@65I! (AG@K9I! ^4/(_'! ^0DD?_'! +4(! -5K6! $AA['"A[RA=!
f5:N@b!4/('!

\g] #*"2'! ^0D<0_'! *65@B58B! *:7K9V9K569A@! VA8! *AIM7@6! (7;7@6L! VA8!
+AIR^49@RI! (SIA89B7_! ^+4(_! +I5L69K! +9:9@F! *RL67;L! ^0EgPh
<0_'+7@@LRIM5@95=!/L65BAL!Q@9BALb!#*"2'!

\1] #*"2'! ^0D<<_'! *65@B58B! "7L6! 276SAB! VA8! 4AI569I7! 256678! ^W@KIGB9@F!
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