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RESUMEN 

La producción de bebidas gaseosas se realiza con la mezcla del jarabe simple y 

concentrado, donde el Jarabe simple, que es la mezcla de agua y azúcar a una 

determinada concentración (ºBrix), no debe presentar coloración visible y llegar a un 

determinado grado de color (ICUMSA). 

Para lograr que el jarabe simple tenga el grado de color deseado, es necesario realizar 

el proceso de decoloración, que convencionalmente es logrado por medio de la 

filtración en caliente con carbón activado, sin embargo con el desarrollo de nuevas 

tecnologías, hay nuevos métodos para lograr este proceso. 

El objetivo del presente informe es el de describir el uso de resinas de intercambio 

iónico para la decoloración del jarabe simple y presentarlo como una alternativa para 

reemplazar o añadirlo a la tecnología ya existente. 
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l. INTRODUCCION

En el proceso de fabricación de gaseosas existe una etapa que consiste en la 

preparación por lotes de solución azucarada (agua tratada y azúcar refinada) - jarabe 

simple. 

El agua tratada proviene de la planta de tratamiento de la embotelladora y el azúcar 

de la empresa que provee este insumo (ingenio). Esta solución es preparada en un 

tanque y presenta ciertos parámetros: ºBrix, color, temperatura, viscosidad, 

normalmente esta solución presenta un color oscuro producto de las impurezas del 

azúcar refinada por lo que es necesario realizar una filtración por batch de esta 

solución, para lo cual se utiliza carbón activado en polvo y un filtro prensa para 

remover las partículas finas en suspensión. El proceso de filtración se realiza en 

caliente y por lotes. Actualmente en otros países como Estados Unidos, Brasil, 

Argentina, vienen utilizando resinas de intercambio iónico para conseguir esta 

"purificación" o reducción del color. 

Las ventajas de esta tecnología frente a la existente son: 

1. Proceso continuo;

2. Las resinas se pueden regenerar y volver a utilizar, mientras que el carbón

activado no;

3. Mayor producción de lotes de filtración o jarabe filtrado comparado con el

sistema actual;

1.1 OBJETIVO 

- Difundir la tecnología del uso de resinas de intercambio iónico para la decoloración

de soluciones azucaradas. 

- Presentar la aplicación de la tecnología en el rubro de fabricación de gaseosas.



11. DESARROLLOS Y CONCEPTOS DEL TEMA

Son varios los ejes a tener en cuenta dentro del proceso de fabricación de las 

gaseosas. En principio hay que contemplar las condiciones mínimas que debe tener 

una planta embotelladora para poder envasar bebidas gaseosas. 

En ese sentido los diversos componentes deben estudiarse puntualmente: 

2.1. AGUA: 

Compone aproximadamente el 85-90% del producto y deberá cumplir con lo 

siguiente: 

2.1.1. Características Fisico-Químicas (Ver TABLA l.) 

Potable Incolora - Insípida - No Contammada 

Sedimentos 0TDS 

Turbidez 0NTU 

Sólidos Totales 500 mgiL :Máximo 

Alcalinidad Total 60 mgmgiL Máximo 

Dureza Total 100 mg1L Máximo 

Cloruros 200 mgiL 

Sulfatos 200mg,·L 

Hierro O .3 mglL Máximo 

Nitritos OmglL 

Cloro OmgiL 

Manganeso OmgiL 

TABLA l. CARACTERÍSTICAS FISICO-QUÍMICA DEL AGUA 
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2.1.2. Condiciones Microbiológicas (Ver TABLA 2.)

Bacterias totales 200 UFC:-'ml. fviáxímo 

Grupo coliformes Ausente / 100 UF Ciml. 

Pseudomonas aeruginosas Ausente / 100 UF C/ml. 

TABLA 2. CONDICIONES MICROBIOLÓGICAS DEL AGUA 

Es fundamental que no se utilice agua ozonizada en la elaboración de refrescos. 

2.2. AZÚCARES: 

• Calidad: blanca, refinada de primera calidad (sacarosa 99,5% en peso)

• Olor, color y sabor característicos.

• Un jarabe al 50% (azúcar y agua) acidificado a pH 1,5 con ácido fosfórico, no

deberá desprender olores extraños. 

• Una dilución a 15° Brix y calentada a 50° C no deberá tener olor ni sabor a melaza

ni otros olores o sabores extraños. 

2.3. MATERIAS PRIMAS 

La calidad de la materia prima en la elaboración de bebidas gaseosas deberá ser grado 

alimenticio (FDA) / farmacéutico (U.S.P.) adecuadas a lo requerido en las fórmulas 

correspondientes y autorizados por los Reglamentos Alimentarios Nacionales. La 

calidad de origen, debe ser mantenida durante su almacenamiento y manipuleo 

(humedad, temperatura, contaminaciones, etc.) Las características de las materias 

primas a utilizar deberán estar claramente especificadas en las fórmulas (pureza, 

concentraciones, grados de humedad, etc.). Es conveniente contar con "Certificados 

de Calidad" del proveedor/ exportador. Toda materia prima debe tener sus envases 

originales, cierres de seguridad y estar perfectamente rotuladas. 
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2.4. FORMULACIONES 

Disponer de recetas claras, precisas, indicando cantidades exactas, unidades de 

medida (peso/volumen), especificaciones de los ingredientes con orígenes 

recomendados, código de identificación del proveedor, etc. 

2.5. PROCESOS PARA LA ELABORACION DE LAS BEBIDAS GASEOSAS 

El proceso productivo para la bebida gaseosa, consta de una serie de etapas (ver 

Apéndice 1). El proceso inicia con la obtención de agua, extraída de un pozo propio, 

que luego de pasar por procesos de purificación, filtrado en arena y filtrado en carbón 

activado; son mezclados con azúcar para obtener el jarabe simple al que se le agregan 

preservantes, concentrados, etc., y se obtiene el jarabe terminado. 

Luego el jarabe terminado es enfriado y mezclado con agua y CO2 para ser 

embotellado. 

2.5.1. PROCESO DE ELABORACION DEL JARABE SIMPLE 

La elaboración del jarabe simple se realiza mediante las siguientes etapas (ver 

Apéndice JI): 

2.5.1.1. Mezclador. 

En un tanque de capacidad de 1500 galones se adiciona Azúcar ( 4000 kg), agua 

tratada (1400 L), tierra de Diatomea (6 kg a 8 kg dependiendo del tipo de azúcar) y 

carbón activado (3 kg a 6 kg). Este tanque tiene un agitador en la parte inferior con un 

motor que sirve para que todo el azúcar sea disuelto totalmente y se Pasteuriza a una 

temperatura de 80ºC, dando lugar al jarabe simple 

2.5.1.2. Reposo 

El jarabe simple obtenido del mezclador es llevado a un Tanque de Acero Inoxidable 

enchaquetado de capacidad de 2000 gal. para su reposo durante 30 minutos. 
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2.5.1.3. Filtración l. 

Luego de haber reposado, al jarabe se hace recircular entre_ el Tanque de Acero 

Inoxidable con una marmita hasta que el jarabe esté claro con una turbidez menor a 3 

NTU y no haya presencia de carbón, esto se logra en un promedio de 1 ½ hora. 

La marmita consta de 9 placas, en las cuales hay una formación de Pre-capa 

homogénea de Tierra de Diatomea que es formada a partir de una solución de agua 

tratada y 11 kg de tierra. Esto actúa como un filtro para que el carbón y la tierra 

adicionada en el tanque se compacten con la pre-capa. 

La temperatura, luego de los dos procesos anteriores, desciende de 80ºC a 60ºC en 

promedio. 

2.5.1.4. Enfriamiento 

El jarabe simple claro y exento de sabores y olores extraños gracias al carbón y a la 

tierra es enfriado mediante un Intercambiado de Calor de Placas. La temperatura del 

jarabe simple desciende de 60ºC a 22ºC, el fluido utilizado para el enfriamiento es 

agua helada. 

2.5.1.5. Filtración 11. 

El jarabe ya enfriado es enviado mediante un filtro manga de 1 µm hacia la línea de 

jarabe terminado; este filtro retiene cualquier impureza que no haya sido retenida por 

el filtro de placas. 

2.6. CONTROL DE CALIDAD 

Existen controles de calidad que deben llevarse a cabo durante el proceso de 

elaboración de jarabe simple: 

(a) Grados Brix - Método: Refractométrico / densimetría;

(b) Verificación del contenido de azúcar (tablas de sacarimetría - grados Brix

/ litros de jarabe simple) 



111. DESARROLLO DEL TEMA

El jarabe simple requerido para la elaboración de las bebidas gaseosas debe ser menor 

a 50 ICUMSA, para esto hay procesos tradicionales, como el usado con carbón 

activado mencionado en el capítulo anterior. Sin embargo, el tratamiento con resinas 

de intercambio iónico, han venido ganado terreno en los últimos tiempos. En un 

inicio, el objetivo del uso de estas resinas era para reducir el contenido de cationes e 

incrementar el rendimiento del agua. El desarrollo de la tecnología de resinas de 

intercambio iónico, mucho más eficientes, basadas en copolímeros de 

estireno/divinilbenceno enlazado con poliacrilamidas, algunas de las cuales tienen 

estructuras macroporosas, han considerablemente incrementado tanto el rendimiento 

como la pureza de los productos finales [3]. 

Además de la desmineralización y decoloración de jarabes de baja viscosidad, están 

ganando importancia, técnicas cromatográficas, procesos de exclusión iónica, 

decoloración de jarabes de alta viscosidad y la producción de soluciones de azúcar 

líquido. 

En la actualidad, los principales campos de resinas de intercambio iónico en la 

industria azucarera pueden ser descritos como sigue: 

Decoloración 

Desmineralización 

Inversión Controlada 

Exclusión de Iones 

Substitución selectiva de iones 
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.3.1� FORMACION DEL COLOR Y TIPO DE COLOR 

La apariencia o color del jarabe simple puede variar desde el amarillo claro hasta un 

intenso rojo caoba [ l]. 

Existen varios tipos de color (llamado así en la industria azucarera) o colorante (Ver 

TABLA Nº3). 

TIPOS DE COLOR 

Pigmentos Yegetales 

lli!i!Y�� 

Caramelo 

Productos de degradación 

alcalinas 

Fenólic.os 

CARACTERÍSITICAS 

Provenientes de la caña de azúcar 

Las reacciones de aminoácidos y azúcares reductores 
que forman la metanoidina por la reacción de Mim.?.L4

Las reacciones de degradación y condensación 
térmicas de los azúcares que forman el caramelo 

La reacción alcalina de la degradación y condensación 
de los azúcares. Similares al caramelo, pero mas 
oscuro y formado a PH altos 

El oscurecimiento enzimático es la reacción oxidatin 
de los compuestos polifenólicos. Los fenoles oxidasas 
incluyen todas las enzimas capaces de cataliza.r la 
t1ti;2Ñ�9n. de los W.,Q,tt9.J:�!!.21��� a �Jfuwk?. y la 
oxidación posterior de los �!�I a quinonas. El
paso fundamental en la secuencia de reacción que 
conduce a la fonuación de color es la oxidación del O-
s!i� a la 9.-.l!!!!&Ha-

TABLA 3. TIPOS DE COLOR Y SUS CARÁCTERÍSTICAS [1] 

Es económicamente imposible instalar un sistema que decolore todos los tipos de 

colorantes. Es esencial en la práctica, con fines de diseño, clasificar los colorantes en 

las siguientes categorías [ l]: 

Tipo l. lónicos/aromáticos 

Este grupo de colorantes tienen un grupo funcional y una estructura aromática 

básica como parte de la estructura molecular (Ver Figura]). Este tipo puede 
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básica como parte de la estructura molecular (Ver Figura]). Este tipo puede 

removerse mediante un adsorbente ya sea con función de intercambio de iones y/o 

superficies aromáticas. 

R1 
HOOC � CH - CH-Q�, 

R., 
FIGURA l. COLORANTE DEL TIPO I, IÓNICO/AROMÁTICO 

Tipo 11. No iónicos/aromáticos 

Esta presencia es por naturaleza altamente aromática (Ver Figura2). Ningún 

grupo iónico está presente. Este tipo de colorante se remueve de la manera más 

efectiva mediante resina Poliestirénicas. 

OH 

OH 

HO 

OH O 

FIGURA 2. COLORANTE DEL TIPO 11, NO IÓNICO/AROMÁTICO 

Tipo 111. Jónicos/No aromáticos 

Este grupo contiene grupos iónicos funcionales con estructura molecular alifática 

muy probablemente con dobles enlaces conjugados (Ver Figura3). Debido a su 

naturaleza alifática, este grupo se elimina de manera efectiva mediante un 

mecanismo de intercambio de iones y en cierto grado, por precipitación. Si el 
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doble enlace se conjuga ampliamente, también se puede adsorber por medio de 

adsorbentes aromáticos. 

HC--R, 

11 
HO-C-C--C=CH--R� 

11 

FIGURA 2. COLORANTE DEL TIPO II, NO IÓNICO/AROMÁTICO 

Tipo IV. No iónicos/No aromáticos. 

Este grupo constituye un pequeño número de colorantes que son muy difíciles de 

remover los adsorbentes de que se dispone usualmente, a menos que la fracción 

aromática esté altamente conjugada. 

3.2. MECANISMOS DE DECOLORACIÓN. 

La remoción de los colorantes por lo general resulta de uno o la combinación de los 

tres mecanismos siguientes [I]: 

1) Adsorción mediante enlaces hidrofóbicos, por ejemplo la remoción de un

colorante por carbón. 

2) Intercambio de iones por medio de un grupo iónico funcional, por ejemplo,

los colorantes iónicos removidos por resinas de intercambio iónico. 

3) Precipitación seguida por oclusión y/o adsorción de fuerzas de Van Der Waals

Los tipos de mecanismos mencionados se resumen como sigue: 
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1. Intercambio iónico: colorantes ácidos retenidos por resinas en forma aniónica

2. Adsorción: Enlaces hidrofóbicos (interacción aromático-aromático).

3. Precipitación: se forman complejos con sustancias orgánicas como sales de

amonio cuaternario/cationes inorgánicos como Ca 2+.

4. Absorción: atrapado dentro del cristal/adsorbente poroso.

5. Combinación de los anteriores.

3.3. TIPOS DE AGENTES DECOLORANTES 

Una vez conocido tanto la naturaleza de los colorantes como el mecanismo de la 

remoción del color, la siguiente tarea es seleccionar el agente o agentes decolorantes 

comercialmente obtenibles a fin de maximizar la eficiencia decolorante con el 

mínimo de capital y costos de operación. Los siguientes agentes son los que se 

utilizan con mayor frecuencia [ 1]: 

l. Resinas de intercambio iónico

Resinas Poliestirénicas 

A causa de la naturaleza aromática de la estructura del anillo bencénico, este 

puede remover los colorantes por la vía tanto del mecanismo de adsorción como 

de intercambio de iones (Ver Figura 4). 

e-::_H,C-CH-
1 

-

CH, 
1 . 

N(CH,)/CI.=__ n 

FIGURA 4. RESINA DE INTERCAMBIO POLIESTIRÉNICA 
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Resinas Poliacrílicas 

La adsorción por esta resina de tipo alifático de elevado peso molecular resulta 

mínima (Ver Figura5). La remoción de color se efectúa por la vía del proceso de 

intercambio de iones. Por consiguiente, este tipo está menos sujeto a 

ensuciamiento. 

- - n 

FIGURA 5. RESINAS INTERCAMBIO IÓNICO - POLIACRÍLICAS 

2. Carbón granulado y pulverizado

Este grupo es el mejor agente para la adsorción de los colorantes de naturaleza 

aromática y con dobles enlaces conjugados. Asimismo, se remueven colorantes de 

elevado peso molecular, particularmente los de tipo de ácido débil. 

o 

11 
HO-C 

3rom:itico 

C=O 

1 

FIGURA 6. ESTRUCTURA CARBON GRANULADO 

3. Carbón Animal. Además de la remoción de color por la porción carbónica del

carbón de hueso que se acaba de describir, la hidroxiapatita puede también 
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adsorber colorantes. Esto es particularmente notable cuando los colorantes iónicos 

son precipitados por el calcio presente en el carbón animal. 

4. Carbonatación. Es de esperar que el mecanismo de remoción del color se

ajuste a la teoría de precipitación seguida por adsorción (oclusión). Asimismo, es 

posible la adsorción de coloración de muy alto peso molecular. 

5. Fosfatación con o sin sales de amonio cuaternario. La remoción del color se

realiza en su mayor parte por precipitación seguida de absorción/adsorción. El uso 

de las sales de amonio cuaternario es más efectivo cuando están presentes 

colorantes altamente ácidos. 

3.4. TECNOLOGIA DEL PROCESO 

Nosotros nos enfocaremos, básicamente, al mecanismo de intercambio de iones o 

mejor dicho, decoloración usando resinas de intercambio iónico. Una de las 

razones principales por la que este mecanismo se usa cada vez con más frecuencia 

es que no es necesario utilizar calor en la regeneración, ahorrando el consumo de 

energía. La única desventaja de este método es la eliminación del regenerante. 

3.4.1. DESCRIPCION DE LOS INTERCAMBIADORES DE IONES 

Los intercambiadores de iones son materiales insolubles que poseen sitios 

iónicos. Muchos materiales muestran una cierta capacidad de intercambio, pero 

para que un intercambiador de iones sea útil es necesario que haya un gran 

número de sitios de intercambio. El grupo iónico, normalmente soluble, se hace 

insoluble fijándolo a un polímero, o resina; de aquí que los a los 

intercambiadores de iones se les llame frecuentemente resinas de intercambio 

iónico. 

Los intercambiadores de cationes: se pueden considerar como aniones insolubles, 

en los que el catión acompañante se intercambia con facilidad. Sus grupos 
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funcionales son los ácidos sulfónico, carboxílico, o fosfórico. 

Los intercambiadores de aniones: se pueden considerar como cationes insolubles, 

en lo que los aniones acompañantes se intercambian con facilidad. Su grupo 

funcional son las aminas cuaternarias, terciarias o secundarias. 

Las resinas que más se emplean como soporte son el estireno enlazado en forma 

transversal con el divinil benceno, o los polímeros acrílicos. Como tales, son 

productos derivados del petróleo, y sus costos están estrechamente relacionados 

con el precio del petróleo. Las resinas de intercambio de iones tienen por lo 

general la forma de cuentas porosas. 

El proceso de intercambio de iones es muy rápido, por lo que sólo se requiere un 

tiempo de contacto de unos pocos minutos. La profundidad de los lechos es 

pequeña, solo unos cuantos pies, por consiguiente el tamaño del equipo no es 

muy grande comparando con lo usado con los adsorbentes de carbón. El volumen 

del jarabe simple retenido en los lechos de resina es pequeño y el tiempo de 

retraso en el proceso es corto. 

3.4.2. RESINAS DE INTERCAMBIO IONICO USADAS PARA LA 

DECOLORACION 

Las resinas de intercambio las cuales están acondicionadas para remover el color 

deben tener las siguientes características [ I]: 

• Resinas de intercambio aniónico fuertemente básicas con grupos del tipo

amonio cuaternario, trabajando en su forma de cloruro para asegurar que

el valor de pH del jarabe simple no sea cambiado.

• Alta macroporosidad, requerido para arreglar colorantes de alto peso
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molecular por adsorción. 

• Alta resistencia al shock osmótico, por lo que la resina pueda resistir los

cambios repentinos de la concentración entre las etapas de regeneración y

desendulzado.

• Especial tamaño de partícula. Finas esferas, la combinación con la alta

viscosidad de la solución azucarada podría causar alta pérdida de presión.

Las esferas comunes (tipo gel) tienen menos capacidad de adsorción.

Las resinas de amonio cuaternario fuertemente básicas se operan en ciclo cloruro. 

En la operación, el cloruro se intercambia por el anión colorante. Asimismo, se 

presenta una considerable adsorción del colorante del azúcar en la matriz de la 

resina. La regeneración se lleva a cabo con salmuera. La forma física de la resina 

que se prefiere es la macrorreticular debido a que es de naturaleza porosa más 

abierta, lo que permite que las grandes moléculas del colorante alcancen más 

fácilmente los sitios de intercambio o adsorción. Además es ensuciada menos por 

los compuestos fenólicos. 

Las resinas acrílicas son más resistentes, duran más tiempo, pero tienen más baja 

capacidad para el colorante del azúcar. En la actualidad se observa una tendencia 

a utilizar resinas tanto acrílicas como estirénicas en serie, con la resina acrílica en 

primer lugar a fin de tomar la mayor parte de carga de fenoles. Las resinas 

acrílicas pueden efectuar mejorar lo anterior y se regeneran de una manera más 

limpia de sobrecarga. Las resinas de estireno son de mayor capacidad, remueven 

los colorantes hasta un nivel más bajo. La mejor decoloración tiene lugar a un pH 
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por encima de ocho en el que los colorantes están altamente ionizados. 

En la regeneración, se ha encontrado que parte de los cuerpos de color removidos 

del jarabe simple por la resina aniónica no se separan totalmente de la resina por 

el simple tratamiento con salmuera. Algunos investigadores han encontrado que 

la salmuera alcalina resulta beneficiosa. 

Bayer AG [2] tiene desarrollado diferentes resinas de intercambio iónico, las 

cuales son usadas para la decoloración de soluciones azucaradas. 

En este informe se hace mención a dos resinas Lewatit que son la S 6368 y VP 

OC 1074, ambas son resinas aniónicas de base fuerte. En la Tabla 2 se detalla las 

características de ambas resinas. 

RESINAS DE INTERCAMBIO ANIONICO 

LEWATIT, TIPO 

DESCRIPCION DEL PRODUCTO 

Forma Suministrada Cloruro Cloruro 

Gru o Funcional Amina cuaternaria Amina cuaternaria 

Matriz PoUestlreno entrecruzado Pollacrilamlda entrecruzada 

Estructura 

A arlencla 

DATOS DEL PRODUCTO 

Ran o de Tamaño, mln 90% mm 0.63 (±O.OS 0.4-1.6 

Tamaño efectivo mm 0.55 +/-O.OS 

Coeficiente de Uniformidad max monodlsperso 1.8 

Densidad aparente (±5% 670 680 

Densidad 1.08 1.08 

Contenido de a ua % 50-60 66-72 

Ca acldad total mln. e /1 1.1 o.es

ESTABILIDAD 

<85 <75 

0-14 0-14

VIDAUTIL 

mtn. aífos 2 2

aTem • ºe -20a40 1-40

TABLA 4. CARACTERiSTICAS DE LAS RESINAS S6368 Y VP OC 1074 
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3.4.3. DESCRIPCION DEL PROCESO DE DECOLORACIÓN CON 

RESINAS DE INTERCAMBIO IONICO 

El óptimo proceso para el tratamiento de decoloración del jarabe simple es el 

lecho fluidizado. La alta densidad de las soluciones azucaradas hace ideal el flujo 

ascendente en el cual la mayoría de resinas flotan libremente en la unidad de 

intercambio esto previene la formación de capas de lecho de resina mientras se 

asegura una baja fuga de cuerpos de color y bajo exceso de químicos 

regeneran tes. 

La resina de intercambio iónico es colocada entre el plato de toberas en unidades 

de una o más cámaras. Como la solución a ser tratada fluye hacia arriba de la 

unidad, esta presiona a la resina de intercambio contra el plato de toberas o 

difusores. Una capa de material inerte, LEW A TIT IN 42, previene la 

colmatación de las toberas. Las unidades son regeneradas en forma descendente 

en contra-corriente al modo de operación (Ver Figura7). Las toberas y el material 

inerte aseguran la óptima distribución del regenerante. Las dos fases no se 

mezclan durante la etapa de desendulzado porque el licor con más alto peso 

específico está siempre por debajo de la fase acuosa. 
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FIGURA 7. PRINCIPIO BÁSICO DE OPERACIÓN DE LAS RESINAS 

LEWATTIT [3] 
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La secuencia típica de operación de una unidad aniónica de decoloración es: 

1. Endulzado

2. Servicio u operación

3. Desendulzado

4. Lavado en contracorriente

5. Regeneración por salmuera.

6. Desplazamiento de la Salmuera

7. Enjuague final

Si una columna decolorante va estar sin trabajar, por ejemplo, durante un fin de 

semana, la secuencia anterior se puede interrumpir entre las etapas 5 y 6, lo que 

permite que la resina quede en la salmuera durante la parada. 

3.5. ARREGLO DE LAS RESINAS LEWATIT 

Una, dos o tres etapas de proceso son usados, dependiendo de la concentración de 

los cuerpos de color en el licor. La resina LEWA TIT OC 1074 de base 

poliacrilato o la resina LEWA TIT S6368, de base poliestireno, o la combinación 

de estas dos, proveen mayor efectividad con las soluciones de caña de azúcar, las 

cuales tienen un alto contenido de cuerpos de color. 

Los resultados de la decoloración pueden ser siempre mejorados si dos o tres 

columnas son usadas en serie. La primera resina provee una principal limpieza 

mientras que la segunda resina sirve como un pulidor. Las columnas son 

regeneradas en serie comenzando con el pulidor. Como el pulidor tiene menos 

materia colorante retenida que la primera columna, su ciclo de operación es más 
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prolongado. 

La recomendación del fabricante de resinas LEW A TIT para la decoloración de 

soluciones azucaradas provenientes de la caña de azúcar está en función a la 

medida de color en la alimentación (ver Tabla 5). 

COLOR DELA 
CÓDIGO DE RESINA 

ALL\-IENT ACIÓN 

30 - 200 ICUMSA S 6368 

200 - 600 ICUMSA oc 1074 - S 6368 

600 - 1200 ICUMSA oc 1074- oc 1074 - S 6368 

TABLA 5. TIPOS DE RESINA LEW ATIT A USAR DE ACUERDO A LA 

MEDID NA DE COLOR DE LA ALIMENTACIÓN [3] 

De acuerdo a las características del jarabe simple que se tiene, el color de la 

alimentación es de 280 ICUMSA por lo que usaríamos primero la resina OC 1074 

y luego la resina S6368 para nuestra prueba experimental. 

3.6. VIDA DE LA RESINA 

La adsorción de los cuerpos de color y el tiempo de servicio de la resma 

adsorbedora depende de una variedad de factores incluyendo: 

• pH

• Temperatura

• Contenido de electrolito en solución

• Tipo y concentración de los cuerpos de color

Se espera que la resina adsorbedora usada para la decoloración de soluciones 

azucaradas trabaje en condiciones dificiles. La resina de intercambio iónico 
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frecuentemente se somete a choques osmóticos cuando cambian de jugos 

azucarados concentrados a agua, durante el ciclo de desendulzado y a altas 

concentraciones de soluciones de salmuera durante la regeneración. El 

ensuciamiento orgánico causado por la alta cantidad de color de la solución 

azucarada resulta también en un progresivo declinamiento en el porcentaje de 

decoloración (Ver Figura 8). 
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FIGURA 8. EJEMPLO DE VIDA DE LA RESINA LEW ATIT 

S6368 EN UNA REFINIERIA DE AZUCAR [3] 

Cuando se trabaja con resinas adsorbedoras es aconsejable remover substancias 

que bloquean con oxidantes tales como Hipoclorito de Sodio (NaOCI) 

aproximadamente una o dos veces al año (no se recomienda en el caso de la 

resina LEWA TIT OC 1074 - S 6368). 

La vida de la resina decolorizadora de intercambio iónico depende también de las 

siguientes propiedades, tales como: 

1· 

1 ,1 



• Tamaño de la esfera;

• Porosidad;

• Tamaño de poro;

• Contenido de agua;

• Tipo de ion opuesto;
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• Número de grupos fuertemente básicos;

Las resinas normalmente son usadas en su forma de cloruro y regeneradas con 

una solución de salmuera o una solución alcalizada de un sal común. 

3.7. PARÁMETROS DEL PROCESO DE DECOLORACION 

La siguiente tabla muestra los datos principales de una planta de operación: 

hOne•te 

Rango de color usual 100-2000 ICUMSA

Substancia seca 60-75 °BRIX

Temperatura 60-80 ºC

Caudal 1-4 Volumen de lecho (BV)ih

Rn�e11ad6n 

Regenerantes químicos NaCI NaCI/NaOH 

Cantidad de regenerantes 100-200 gil 100-200 g1l/ 5-20 g/J

Concentración de regenerantes 10% 10% / 0.571 % 

Caudal 1-2 BV,'ll 1-2 B\'ih

D_esemaelo, di! 1Jas resinas

Ratio de decolorización 70-95%

Capacidad 
30-350 BV de Jarabe de

ingreso 

Vida de resina 
Normal 300-500 ciclos

Posible 100-1000 ciclos

TABLA 6. DATOS PRINICPALES DE UNA PLANTA DE 

OPERACION [3] 



27 

OPERACION REGENERACION 

FIGURA 9. PROCESO DE DECOLORIZACIÓN LEW ATIT -

TECNOLOGÍA DE LECHO FLUIDIZADO[3] 

El rango de coloración de las soluciones azucaradas en su mayoría se encuentran 

entre 100 y 6000 ICUMSA, alguna veces el color de ingreso a la resina 

adsorbedora llega a 1000 ICUMSA. Para mayores contenidos de color de 1000 

ICUMSA no es recomendable tratar mediante el proceso de resinas de 

intercambio iónico base fuerte, para esto, se requiere de etapas de limpieza 

previas tales como carbonatación, tratamiento con sulfito o tratamiento con 

carbón animal, que son más económicos. 

Siempre que el tratamiento sea posible debería involucrar concentraciones sobre 

60º Brix y temperaturas alrededor de 60-80ºC. El valor de la viscosidad de las 

soluciones establece el límite para la caída de presión a través del lecho de 

intercambio iónico. 

El caudal está en el orden de 3 BY (Volumen de lecho)/h. Un caudal por encima 

de este valor daría un bajo porcentaje de remoción de color y podría causar 
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El caudal está en el orden de 3 BY (Volumen de lecho)/h. Un caudal por encima 

de este valor daría un bajo porcentaje de remoción de color y podría causar 

problemas de pérdida de presión. 

La regeneración es llevada a cabo con 2 BY (Volumen del lecho) de solución 

neutra (RESINA ACRILICA) o solución de salmuera alcalizada (RESINA 

ESTIRENO/DIVINILBENCENO). La concentración química debería ser 10% 

Salmuera y 1-2% de soda cáustica. Algunas industrias han intentado reducir la 

cantidad de químicos regenerantes con el fin de ahorrar costos y aguas de 

desecho. La máxima reducción de químicos es posible utilizando el volumen de la 

segunda mitad del efluente regenerado como el primero de la primera etapa de 

regeneración. Por supuesto es necesario el almacenamiento del efluente 

regenerado. Para la decoloración del efluente regenerado se ha desarrollado el uso 

de membranas u oxidación química. 

El rango de velocidad de decoloración está entre 70% y 95% dependiendo de la 

concentración del color de la alimentación y el arreglo de la resina. El rango de 

capacidad de la resina también se encuentra entre 30-350 BY (volumen del lecho) 

dependiendo también del contenido de color de la alimentación. Para garantizar 

una vida larga de la resina no se debería sobre cargar con cuerpos de color. 

CAPACIDAD DE LA DECOLORACIOH 

.,,,,e,/ 
Y' 

1-,,__ e 1p.1cldac Reco1111 nd,1d,1 1 

I 

Color Ingreso tlCI 

FIGURA 10. REFERENCIA PARA LA MÁXIMA CARGA 

DE COLOR RECOMENDADA [3] 
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3.8. SECUENCIA / TIEMPO DEL SISTEMA SUGERIDO 

OPERACIÓN VOLUMEN CAUDAL(BVJ TIEMPO (BV.h J h 

Desendulzado Agua desminualizada 15-2.5 1 · 4 0.5-1 

Rege neración NaCI/NaOH 

10"" /2"" 2 1-2 1-6 

Enjuague lento Agua desminer•lizada 1- 2 1 -2 1 

Enjuague rápido Agua desmineralizada 1-5 1-5 1 

Endulzado Jarabe 1.5- 2.0 2-4 1 

Servicio Jarabe 30 · 300 1-4 8- 15 0 

Servicio y regeneración 6J 
Temperatura 85 °C 

Endulzado y Servicio 
Direc ción de flujo Asce ndente; 

Todas las otras operaciones: 
D esce ndenle 

D esmineralizada. 
decalionizada o Blanda, 

Calidad del aaua condensada 

TABLA 7. SECUENCIA/TIEMPO DEL SISTEMA SUGERIDO [3] 

Además de la excelente decoloración y baja demanda de químicos regenerantes, 

el procedimiento de endulzado y desendulzado son de principal interés. 

El agua usada para el desendulzado de la columna deberá ser agua desionizada o 

agua blanda. Para prevenir cualquier pérdida de azúcar y limitar su dilución en la 

siguiente etapa de operación (Regeneración) se recomienda: 

• Llevar el efluente (agua desendulzada concentradá de la etapa de

desendulzado) al tanque de jarabe tratado hasta que la concentración del

mencionado efluente sea aproximadamente 50º Brix.

• Después que el efluente llegue a 50ºBrix, éste es llevado hacia el tanque

de agua desendulzada concentrada. El proceso debe ser detenido cuando la

concentración del efluente sea aproximadamente 20º Brix.

• Luego que el efluente llega a 20ºBrix (ahora llamado agua desendulzada

diluida), este se lleva a otro tanque (tanque de agua desendulzada diluida).
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• El proceso de desendulzado se detiene cuando la concentración del

efluente sea aproximadamente 0.5° Brix .

., 

.i 

,, 

:-: 

,, 

Agua Endulzada FiNrada (BVI 

FIGURA 11. CURVAS TÍPICAS DE ENDULZAMIENTO -

DESENDULZADO EN UN SISTEMA LEW ATIT [3] 

3.9. PROYECCION DEL FABRICANTE PARA EL SISTEMA DE 

DECOLORACION POR MEDIO DE RESINAS DE INTERCAMBIO IONICO 

Se ha efectuado una corrida con el programa del fabricante de resinas LEWATIT (ver 

Tabla 8) con el fin de determinar el volumen de la resina y volumen de la columna, 

los datos de entrada son: 

Sustancia Seca (º Brix) 

Temperatura (ºC) 

Viscosidad (cp.) 

Caudal (cbm/h) 

Tiempo de servicio (horas) 

Color de Ingreso (ICUMSA) 

Color deseado - Salida (ICUMSA) 
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TABLA 8. PROYECCION DEL FABRICANTE PARA EL SISTEMA DE 

DECOLORACION POR MEDIO DE RESINAS DE INTERCAMBIO IONICO 

3.10. DIAGRAMA DEL PROCESO DE DECOLORACIÓN DEL JARABE 

SIMPLE CON RESINAS DE INTERCAMBIO IONICO 

Se ha elaborado un diagrama de proceso de decoloración usando la tecnología de 

resinas de intercambio ( Ver Apéndice /JI). 



IV. CONCLUSIONES

1. El desarrollo actual de los fabricantes de resinas de intercambio permiten

encontrar resinas para diferentes aplicaciones industriales, éstas tienen

diversas propiedades mecánicas y fisicas para operar en las condiciones que el

proceso se desarrolle, para el caso de la decoloración, permite remover

cuerpos de color, materiales coloidales, materiales orgánicos e inorgánicos del

azúcar mediante mecanismos de adsorción e intercambio iónico, para lo cual

tenemos resinas de poliestireno y poliacrilamida.

2. El número de columnas de resinas intercambio para esta aplicación en la

industrias de bebidas gaseosas depende del color de ingreso y del tipo de

azúcar a tratar, es decir si es blanca o rubia. Es importante hacer pruebas

piloto para determinar la combinación de resinas de poliestireno y

poliacrilamida para llegar al color deseado.

3. El empleo de resinas de intercambio para decoloración de soluciones

azucaradas no provoca la inversión de la sacarosa ( conversión en glucosa y

fructosa) debido a que no existe una disminución del pH en este proceso, sin

embargo el empleo de carbón activado para la decoloración provoca este

fenómeno que implica mayor consumo de azúcar para obtener una

concentración o grado Brix final. Las resinas empleadas para este proceso de

decoloración tienen en su composición el anión Cloruró como forma de

intercambio;

4. Las resinas de intercambio para decoloración no adsorben sacarosa por lo que

no existe una pérdida de la concentración o grado Brix de la solución al pasar

por las columnas de intercambio, sin embargo el uso de carbón activado

genera una disminución porcentual del grado Brix que involucra mayor

consumo de azúcar o sacarosa para mantener una concentración o grado Brix

de la solución.



V. RECOMENDACIONES

1. Se recomienda usar el arreglo patentado por LEW A TIT - Proceso Liftbed que

consta que el ingreso del jarabe simple sea por la parte inferior de la columna

con el objetivo de aprovechar todo el volumen de resina en el tanque o

columna de intercambio.

2. Para un óptimo uso de las resinas, se recomienda cumplir con el valor del

color (ICUMSA) en la alimentación del jarabe simple a la columna

recomendada por el fabricante de lo contrario podemos incurrir en costos

extras de operación.

3. Si el valor de color (ICUMSA) sobrepasa lo sugerido por el fabricante, se

sugiere usar otros métodos de decoloración., como por ejemplo: carbón

activado.
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APENDICE l. DIAGRAMA DE FLUJO PARA LA ELABORACION DE 

GASEOSAS 
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TRATAMIENTO 
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AGUA TRATADA 
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REFINADA 

ELABORACION 

DE JARABE 

SIMPLE 

JARABE SIMPLE 

AGUA TRATADA 

PRODUCTO 

TERMINADO 

,, 

CARBONAT ACION 

CON CO2 

CONCENTRADO PRESERVANTE 

' . 

ELABORACIDN 

DE JARABE 

TERMINADO 

, 

JARABE 

TERMINADO 

ENFRIAMIENTO 

CUSTOMER / CLIENTI: 

EMBOTELLADORA DON JORGE SA 

NAME / TITULO 

DIAGRAMA DE FLUJO PARA ELABORACION DE GASEOSAS 

BY/ POR SCALE / ESCALA 

O 10.04.10 C.M. A.R A.R Para Aprobación C.M. S/E 

UNIVERSIDAD 

NACIONAL DE 

INGENIERIA-FIQMT 

REV FECHA DIBUJ REVIS APRO REVISION 
DATI: / FECHA NUMBER / NUMERO 

10.04.10 D1 
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APENDICE 11. FABRICACIÓN DEL JARABE SIMPLE 



AZUCAR, 80 
SACOS/BATCH 

�A TRATADA, 
800 GLN 

CARBON ACTIVADO 

TANQUE 
ENCHAQUETADO 

CALENTADO 
POR 

RESISTENCIAS 
ELECTRICAS 

CAPACIDAD• 
2000 GLN 

IT• SENSOR DE TEMPERATURA 

AGITADOR 

TIERRA DIATOMEA 

RECIRCULACION 

CALENTADOR 
MEDIANTE 

RESISTENCIAS 
ELECTRICAS 

ELECTROBOHBA DE 
RECIRCULAC!ON 

2' 

2' 

TANQUE DE 
PASO DE 
JARABE 

CALIENTE 

CAPACIDAD• 
2000 GLN 

o 10.04.10 C.M. A.R A.R

PRE 
MEZCLADOR 
DE TIERRA 
DIATOMEA 

Para Aprobación 

REV FECHA DIBUJ REVIS APRO REVISION 

F'!LTRO 
VERTICAL DE 

PLACAS 

CUSTOMER I CLIENTE 

JARABE 60' C 

INTERCAMBIADOR 
DE CALOR 

DE PLACAS 

JARABE 
F'!LTRADO, 

22'C 

AGUA 
HELADA 

PROVENIENTE 
DE CHILLER 

EMBOTELLADORA DON JORGE SA 

NAMElllTULO 

FABRICACION DE JARABE SIMPLE 

BY I POR 

C.M.
DATE/ FECHA 

10.04.10 

SCALE I ESCALA 

S/E 

UNIVERSIDAD 

NACIONAL DE 

INGENIERIA-FIQMT 
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APENDICE 111. PROCESO DE DECOLORACION DEL JARABE SIMPLE 

CON RESINAS DE INTERCAMBIO IÓNICO 



AZUCAR, 80 
$ACCJS/8ATCII 

AGUA TRATADA, 
800 G.N 

TANQUE 
ENCHAQUETADO 

CM.ENTADO 
PClt 

RESISTENCIAS 
tLECTRICAS 

CAPACIDAD 
eooo GLN 

ITt SENSOR DE TEMPERATURA 
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RECIACULACIDN 
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MEDIANTE 
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ELECTRICAS 

E:LECTROBDMBA DE 
RECIRCULACION 

e• 

2' 
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PASO Dt 
JARABE 

CALIENTE 

CAPACIDAD• 
2000 GLN 

JARAi[ 

< 260 ICIMS/1 

rU.TRO !E 
ARENA PARA 
REMDCIDN DE 

TURIIDEZ 

CDLI.JINA DE 
INTERCAMBIO 

ANJDNJCD 

RESINA 
PDLIACRILICA 

COL� DE 
INTERCAMBm 

ANIIJIICD 

RESINA 
PCLIESTIRENICA 

CUSTOMER / CLIENTE 

COL� DE 
CARBON 

ACTIVADO 
GRANl.t.AR 

EMBOTELLADORA DON JORGE SA 

NAM E / ll 1lJLO 

JARABE F'IL TRADD 
< 30 ICUHSA 

1----+--�--4-----1----4---------1 PROCESO DE DECOLORACION DEL JARABE SIMPLE 

CON RESINAS DE INTERCAMBIO IONICO 

o 10.04.10 C.M. A.R A.R Para Aprobación 

REV FECHA DIBUJ REVIS APRO REVISION 

BY/ POR 

C.M.

DATE/ FECHA 

10.04.10 

SCALE / ESCALA 

S/E 

UNIVERSIDAD 

NACIONAL DE 

INGENIERIA-FIQMT 



VIII. GLOSARIO

CUERPOS DE COLOR: las sustancias (colorantes provenientes del azúcar) que dan 

color al jarabe simple. 

REACCION DE MAILLARD: La reacción de Maillard (técnicamente: 

glucosilación o glicación no enzimática de proteínas) se trata de un conjunto 

complejo de reacciones químicas que se producen entre las proteínas y los azúcares 

reductores que se dan al calentar (no es necesario que sea a temperaturas muy altas) 

los alimentos o mezclas similares. 

Los azúcares o carbohidratos pueden ser monosacáridos, disacáridos, trisacáridos, 

oligosacáridos y polisacáridos. Los monosacáridos reaccionan de acuerdo a los 

grupos hidroxilo y carbonilo que poseen. Los disacáridos y los polisacáridos se 

pueden hidrolizar para producir monosacáridos. 

Los azúcares que dan resultados positivos con las soluciones de Tollens, Benedict ó 

Fehling se conocen como azúcares reductores, y todos los carbohidratos que 

contienen un grupo hemiacetal o hemicetal dan pruebas positivas. Los carbohidratos 

que solo contienen grupos acetal o cetal no dan pruebas positivas con estas soluciones 

y se llaman azúcares no reductores. 

Los azúcares reductores provocan la alteración de las proteínas mediante la reacción 

de glucosilación no enzimática también denominada reacción de Maillard o glicación. 

NTU: La turbidez se mide en Unidad Nefelométrica de turbidez, o Nefelometric 

Turbidity Unit (NTU), es la unidad de medida para la turbidez. 

GRADO BRIX: Los grados Brix (símbolo ºBx) miden el cociente total de sacarosa 

disuelta en un líquido. Una solución de 25 ºBx tiene 25 g de azúcar (sacarosa) por 

100 g de líquido o, dicho de otro modo, hay 25 g de sacarosa y 75 g de agua en los 

100 g de la solución.Los grados Brix se miden con un sacarímetro, que mide la 

gravedad específica de un líquido, o, más fácilmente, con un refractómetro. 
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FDA. La FDA o Food and Drug Administration (Administración de Alimentos y 

Fármacos, por sus siglas en inglés) es la agencia del gobierno de los Estados Unidos 

responsable de la regulación de alimentos (tanto para seres humanos como para 

animales), suplementos alimenticios, medicamentos (humanos y veterinarios), 

cosméticos, aparatos médicos (humanos y animales), productos biológicos y 

productos eméticos. 

USP. La United States Pharmacopeia (USP) es una autoridad oficial que da los 

estándares de la medicina y otros productos de la salud y cuidado de las personas que 

son manufacturados o vendidos en los Estados Unidos. 

ICUMSA. El estándar de la medida de color de la industria azucarera es la Comisión 

Internacional para la Uniformidad de los Métodos de Análisis del color del Azúcar 

(en inglés, lnternational Commision for Uniform Methods of Sugar Analysis). El 

color ICUMSA es el valor del índice de absorbancia multiplicado por 1000. Los 

valores resultantes se designan como unidades ICUMSA (U.I.) 

A 
U./. = a

0 
X 1000 = _s X 1000

be 

SUSTANCIA SECA. Es la materia soluble en un líquido cuya unidad de medida es º 

Brix. 
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PROCESS FOR DECOLORIZING AQUEOUS 
SUGAR SOLUfIONS VlA ADSORBENT RESINS, 
AND DESORPTION OF COLOR BODIES FROM 

THE ADSORBENT RESINS 

CROSS-REFERENCE TO RELA TED 
APPLICA TIONS 

s 

2 

exchange resin. Unfortunately, this resin exhibits the 
same characteristics associated with the spongy resins, 
and therefore represents a poor altemative to carbon for 
decolorizing sugar solutions. 

U.S. Pat. No. 4,193,817 discloscs decolorizing a bot-

This is a contjpuation-in-part of copending U.S. appli
cation Ser. No. 169,538, filed Mar. 17, 1988, now aban
doned, and U.S. application Ser. No. 169,537, filed Mar. 
17, 1988, now abandoned. 

BACKGROUND OF THE INVENTION 

tler's sugar solution with a strong base anion exchange 
resin. Once again the adsorptive capacity of the resin is 
poor relative to �at of carbon. Toe resin is regenerated 
by fi.rst contacting the resin with an aqueous solution of 

10 sodium chloride a.Íld either an alkali metal or alkaline 
earth metal hydroxide (required to convert resin to 
hydroxide ion form) and then contacting the resin with 
an aqueous solution of either sodium chloride or hydro-

Toe prescnt invention relates to a process for decol- IS
orizing aqueous sugar solutions with an adsorbent resin 
prepared under suspension polymerization conditions 
com.monly used for ion exchange resins. 

Decolorization is a key process in sugar refining. 
Traditionally, aqueous sugar solutions are decolorized 20 
with carbon adsorbents, such as bone char or granular 
and powdered activated carbon. Unfortunately, the use 

chloric acid (required to convert resin to the desired 
chloride ion form far subsequent decolorization of 
sugar solution). Unfortunately, tbe higb dry weight 
capacity of the resin requires using large amounts of 
base or acid regenerants, which increase regeneration 
cost. 

In v�ew of the deficiencies of the prior art, a process 
for decolorizing sugar solutions with an adsorbent hav
ing an adsorptive capacity similar to that of carbon is 
needed: Furthermore, a process employing an effective 
adsorbent with good physical properties that can be 
easily. and cost-effectively regenerated is needed. 

SUMMARY OF THE INVENTION 

Toe present invention is a process for decolorizing an 

of carbon has some negative features In decolorizing 
with activated carbon, the equipment used in the pro
cess is expensive, difficult to operate and to maintain. 2S 
Another negative feature of carbon is that carbon is 
abrasive so it is hard on the equipment employed, 
thereby adding to the replacement -cost of the equip
ment. Toe fuel for thermal regeneration and carbon 
replacement of burned carbon are also. expensive. 

Ion exchange resins have been used to demineralize 
and decolorize sugar solutions. Unfortunately, the ca
pacity of conventional ion exchange resins for adsorb
ing color bodies from solution is low relative to the . 
adsorptive capacity of carbon, and the physical stability 35 
of some resins used for decolorization is poor; Further, 
loaded resins require regeneration with strong acids, 
strong bases, or concentrated salt solutions, which fre
quently do not remove a substantial quantity of the 
adsorbed components from the resins, and therefore 40 
such resins are prone to fouling during use. These resin 
characteristics significantly increase the costs associ
ated with using ion exchange resins for deéolorizing 
aqueous sugar solutions, and thus detracts from their 

30 aqueous sugar solution containing color bodies. Toe
process comprises the step of contacting an aqueous 
sugar solution with an effective amount of an adsorbent 
resin so as to adsorb color bodies from the aqueous 

commercial viability. 45 
As examples of some of the deficiencies associated 

with thé use of ion ·exchange resins for decolorizing 
sugar solutions, the following patents, which describe · 
such processes are discussed and analyzed, U.S. Pat. 
No. 3,122,456: U.S. Pat. No. 2,578,938: and U.S. Pat. 50 
No. 4,193,817. 

U.S. Pat. No. 3,122,456 discloses a method of purify
ing and decolorizing sugar solutions with "spongy" 
synthctic ion exchange resins. The resins are prepared 
from crosslinked copolymers permeatcd by small cavi- SS 
tics or veins. Unfortunately, not only do these spongy 
resins exhibit an adsorptive capacity less than the capac-
ity of carbon, but they also swell considerably upon 
contact with aqueous solutions - from 200 to 500 per
cent of their original dry volume. Thus, the resins have 60 
very poor physical stability, particularly during acid 
and base cycling which would be necessary to decolor
ize a sugar solution and to regencrate the resin. Toe 
high swellability and the poor physical stability of the 
resins additionally increases their tendency to foul dur- 65 
ing regeneration. 

U.S Pat. No. 2,578,938 discloses a method of decolor
izing sucrose solutions with a lightly crosslinked ion 

sugar solution onto the adsorbent resin, wherein the 
adsorbent resin is derived from a macroporous copoly
mer of a monovinyl aromatic monomer and a crosslink-
ing mononier, where the macroporous copolymer has 
been post-crosslinked in the swollen state in the pres
ence of a Friedel-Crafts catalyst and functionalized with 
hydrophilic groups. 

Toe process provides an effective means for decolor
izing an aqueous sugar solution without using carbon 
adsorbents. Toe· adsorbent resin can be as effective as 
carbon in adsorbing or removing color bodies from 
sugar so)utions. Toe post-crosslinking of the macropo
rous copolymer in a swollen state increases the surface 
area of the copolymer, increases porosity, reduces aver
age pore size, reduces shrink/swell, and imparts rigidity 
to the copolymer structure. 

Moreover, even after functionalizing the copolymer 
to form the resin, the adsorbent resin maintains the 
above described properties. In addition, after function
alization, the resin has hydrophilic characteristics. 
These properties enhance the adsorptive capacity of the 
resin relative to conventional ion exchange resins used 
far decolorization. Because of reduced shrink/swell, 
increased rigidity of the resin structure, and other prop
erties derived from post-crosslinking, the adsorbent 
resin can be easily regenerated. 

DET AILED DESCRIPTION OF THE 
INVENTION 

For purposcs of describing this invention, a macropo
rous copolymer is broadly defined to include copoly
mers prepared by suspension polymerization of a mono
mer composition under conditions conventionally used 
to prepare ion exchange resins, in the presence of one or 
more porogenic diluents using quantities sufficient to 
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Although the East German patent only describes a 

process for preparing adsorbent resins from macropo
rous copalymers of styrenc and divinylbenzene, the 
process can be uscd to prepare other macroporous co-

cause phase separation of thc prepared copolymer from 
the dilucnt. Although, it should be notcd that there are 
many other palymerization techniqucs known in the art 
for preparing copolymers which could be useful in 
palymerization herein. S polymcrs of a monovinyl aromatic monomer and a 

crosslinlcing monomcr. These copalymers can be used 
to produce othcr adsorbent resins which can be em
ployed to decolorize aqueous sugar solutions. 

When a macroparous copalymer is contacted with a 
swelling solvent, such as chloromethyl methyl ether, its 
structure is characterized by the prcscnce of regions of 
densely packed palymer chains separated by porcs, 
often referred t� as �csoporcs (50 to 200 Á and macro- to 
pares (>200 A). The nonuniformity of the interna! 
structure of a swollen macroporous copolymer causes 
the copalymer to appear opaque beca use of its ability to 
refract light. If inert diluents or swelling solvents are 
removed from the macroporous copalymer, for exam- IS 
ple by subjecting the copolymer to vacuum or steam 
distillation, then in many instances the pares will col
lapse from the stress of intemal pressures created by 
increased attractive forces among the regions of packed 
palymer chains, and the copalymer would then appear 20 
transparent or translucent. A class of macroparous co-: 
palymers has been developed which retains its parous 
structure even upon removal of inert diluents or swell
ing solvents. Such macroporous copolymers are re
ferred to as "macroreticular" copolymers and are de- 25 
scribed in U.S. Pat. No. 4,382,124. They are character
ized by their opaque appearance, regardless of whether 
or not the copalymer is examincd in the presence or 
absencc of inert diluents or .swelling solvents. 

Processes for preparing macroreticular copolymers 30 
of a monovinyl aromatic monomer and a crosslinking 
monomer, which havc been post-crosslinked with a 
palyfunctional alkylating or acylating compound in a 
swollen state in the presence of a Friedel-Crafts cata
lyst, are discloscd in U.S. Pat. Nos. 4,191,813 and 3S 
4,263,407, herein incorporated by refcrence. Such mac
roreticular copolymers are referred to as "macronet 
polymeric adsorbents". A macronet polymeric adsor
bent can be functionalized with hydrophilic groups 
using conventional methods for functionalizing copoly- 40 
mers which are prepared vía suspension polymerization 
with ion exchange groups. Far example, the polymeric 
adsorbent can be functionalized by aminating a chloro
methylated polymeric adsorbent with either a dimethyl
amine, trimethyla,mine, or dimethylethanolamine, de- 4S 
pending on whether weak. base or strong base function
ality is desired. Similarly, the macronet polymeric ad
sorbent can be functionalized by sulfanation. Alterna
tively, a chloromethylated polymeric adsorbent can be 
fünctionalized by solvolysis at elevated temperatures. 50 

The most preferred process far preparing adsorbent 
resins which have been post-crosslinked in a swollen 
state in the presence of a Friedel-Crafts catalyst is de
scribed in East German Pat. No. DO 249,274 Al,  herein 
incorporated by reference. This patent describes post- SS 

crosslinking a "solvent-free", chloromethylated macro
porous copolymer of styrene and divinylbenzene. After 
chloromethylation, the copolymer is first contacted 
with a washing agent, such as methanol, and then the 
washing agent is removed by either drying the washed 60 
copolymer or extracting the _washing agent with . the
swelling solvent used far the subsequent past-crosslink
ing reaction. After post-crosslink.ing the chloromethyl
ated copolymer, the copolymer can be functionalized 
with hydrophilic groups in the conventional manner, 6S 

thereby producing a uscful adsorbent resin. If it is desir
able, functionalization could also be performed befare 
post-crosslinking the copolymer. 

Regardless of the mcthod uscd for functionalizing the 
post-crosslinked macroporous · copalymer, aftcr func
tionalization, the adsorbent resin's hydrophilic charac
tcr increascs its cfficiency to adsorb color bodies from 
sugar solutions and dcsorption of those color bodies 
from thc resin. Dcsorption can be accomplished with an 
aqueous base or an organic solvent, such as ethanol. 
Prcfcrably, thc macroparous copolymer is functional-
ized by first chloromethylating the copolymer, post
crosslinking the copolymer and then aminating the 
chloromethylated post-crosslinked copolymer with 
dimethylamine, trimethylamine or dimethylethanola
mine. Most preferably, the past-crosslinked macropo-
rous copolymer is functionalizcd by aminating the chlo
romethylated copolymer with dimethylamine. Using 
conventional ion exchangc terminology, an adsorbent 
resin functionalized in this manner and then contacted 
with an acidic solution is thus convertcd to its acid 
form, which is the form desired for decolorizing many 
aqueous sugar solutions. 

Preferred monovinyl aromatic monomers are styrene 
and its derivatives, such as a-methylstyrene and vinyl 
toluene: vinyl naphthalenc; vinylbenzyl chloride and 
vinylbenzyl alcohol. Crosslinking monomers broadly 
encompass the polyvinylidene compounds listed in U.S. 
Pat. No. 4,382,124. Prcferred crosslinking monomers 
are divinylbenzenc (commercially available divinylben-
zene containing less than about 45 wcight percent ethyl-
vinylbenzene), trivinylbenzene, and ethylene glycol 
diacrylate. 

The prefcrred macroparous copalymer is a copoly
mer of up to about 99.75 weight percent styrene with 
the balance divinylbenzene. Another preferred macro
porous copalymer is a copolymcr of about 40 to about 
60 weight percent styrene, about 40 to about 60 weight 
percent vinylbenzyl chloride and about 1 to about 20 
weight percent divinylbenzene. Toe macroporous co
polymers may contain minor amounts of other mono- . 
mers, such as the esters of acrylic and methacrylic acid, 
and acrylonitrile. 

Toe crosslinker serves to increase the physical stabil
ity of the adsorbent resin. Toe amount of crosslinker 
required depcnds significantly on the process conditions 
used to prepare the copolymer and can range anywhere 
from about I to about 45 percent by weight of total 
monomer, preferably from about 4 to about 8 percent 
by weight. 

Post-crosslinking in a swollen state displaces and 
rearranges polymer chains, causing an increase in the 
number of microporcs ( < 50Á diameter) and mcso-
pores. This increases porosity and surface area and 
decreases average porc size. Just as significantly, post
crosslinking also imparts rigidity to the polymer, which 
reduces its tendcncy to shrink or swcll upan contact 
with an aqueous solution (often referred to in the ion 
exchange art as the "shrink/swell") and reduces its dry 
weight capacity when functionalized, which is an indi
cation of its ion exchangc capacity. Thcsc properties as 
characterized above increase the capacity of the adsor
bent resin to adsor� color bodies, increase its pcrmeabil-
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ity to sugar solutions, and increase its physical and di
mensional stability. 
· Furthermore, the rcduccd shrink/swell and dry
wcight capacity of the adsorbcnt resin, which post
crosslinking induces, is conducive to simple, inexpcn- s 

6 
tion of thc color bodics with thc adsorbent resin. Al
though idcntifying color bodies is dülicult, it is believed 
that the color bodies consist of threc basic groups. 
These groups ar.e: (l·) caramcls, (2) mclanoidins and (3) 
polyphenolics and flavanoids. Toe caramels are thermal 
degradation products of sugars: melanoidins are, in 
general, Maillard reaction products of amine com
pounds and sugar groups: and the polyphenolics and 
flavanoids are oxidation products of phenolic com
pounds derivcd from a raw sugar solution. 

In addition to the threc classcs of color bodies, there 
are severa! noncolorcd compounds that can develop 
color, or react to form color bodies during processing 
or storagc of sugar solutions. Such materials are known 

. sive and efficient regeneration once color bodies are 
lóadcd onto the resin. Toe rcduccd dry weight capacity 
allows desorption of color bodics from the loaded resin 
with a dilute b�. Concentratcd bases or acids are un
neccssary for i:-egeneration or cleaning. The rcduced 10 
shrink/swell propcrty allows the rcsin to maintain suffi
cient porosity to minimize entrapment of color bodies, 
and this propcrty in combination with the rcduced dry 
weight capacity reduces the tendency of the resin to 
retain color bodies during regcneration. IS as color precursors, and for thc purpose of describing 

this invention, thc term "color bodies" is intcnded to 
include such color precursors. Thcsc prccursors includc 
amino acids: many hydroxy acids and aldehydcs: iron, 

Toe amount of post-crosslinking required for any 
givcn application is an amount cffectivc to achicve the 

.adsorbcnt resin properties described above to the extent 
desired. 

Toe adsorbent resin prcferably has a surfacc arca of 20 
about 150 to about 2100 square meters pcr gram of dry 
adsorbcnt resin (m2/g), more preferably about 700 to 
about 1400 m2/g. Surface arca is mcasurcd by BET 
nitrogen adsorption techniques. Porosity ranges from 
about 0.1 O to about O. 70 cubic centimcters of pore vol- 25 
ume per cubic centimeter of resin (ce/ce), preferably 
about 0.43 to about 0.58 ce/ce, as calculated from BET 
nitrogcn adsorption techniques. Toe porosity contrib
uted by micropores ranges from about 30 to about 100 
percent, prcferably about 30 to about 50 percent, de- 30 
pending on the resin characteristics. Percent shrink/
swell ranges below about 15 percent, more preferably 
below about 7 percent, and most preferably below 
about 4 percent. Percent shrink/swell is determined by 
measuring the volume expansion or contraction of the 35 
adsorbent rcsin when subjected to hydration or a 
change in ionic form. Toe dry weight capacity, deter
mincd according to conventional methods used for 
characterizing ion exchange resins, ranges from greater 
than zero to about 4 O milliequivalent per gram (mcq/g), 40 
preferably from greater than zero to about 2.0 meq/g. If 
the macroporous copolymer is functionalized by solvol
ysis, for example by contact with water or an alcohol, 
then thc dry weight capacity is essentially zero. 

Toe adsorbcnt resin can be used in the form of bcads, 4S 
pellets or any other f�rm dcsirable for decolorizing 
aqueous sugar solutions. If the adsorbent resin is uscd in 
the form of bcads, bcad size rangcs from about 10 to 
about 1000 microns (µ.), preferably from about 100 to 
about 800 µ., and more prcferably from about 300 to SO 
about 800 µ.. 

Examples of aqueous sugar solutions that are advan
tageously treatcd according to the present invention 
include carbohydratc solutions derived from corn 
starch, such as corn syrup, high fructose corn syrup, SS 
dextrose, and sorbitol: sucrose, beet and cane sugar, 
palm sugar, maplc sugar: fruit juices, eithcr natural or 
processed, such as pcar, applc, grape and pincapplc mili 
juices: sugar solutions dcrivcd from sorghum: and high 
fructosc syrups dcrived from tapioca, inulin and potato 60 
starch. Preferably, the sugar solution is a solution of 
corn syrup, high fructosc corn syrup, sorbitol, sucrosc 
or dcxtrosc. 

Toe term "decolorizing" refers to removing color 
bodics from solution to thc extent necessary or desired. 6S 

The decolorization of sugar solutions and more particu
larly high fructosc coro syrup is not an ion cxchange 
phenomena, but is mainly a Van der Waal type interac-

which complcxes with phenolics to malee color bodics: 
5-hydroxymethyl-2-furfural (HMF): 3-deoxy-d-gluco
sonc (3-D-G) and rcducing sugars. These materials
often havc low molecular weights and are difficult to 
remove from a sugar solution.

Toe degree of decolorization necessary or desired 
will vary from industry to industry or solution to solu
tion. For example, in the beet and cane sugar industry, 
solutions typically have color levels up to thousands of 
Reference Base Units (RBU), which is defined more 
fully hereinaftcr, with the goal of rcmoving sufficient 
color bodics so that the solutions have color levels no 
more than hundreds of RBU. In the high fructose corn 
syrup industry, color levels rarcly go bcyood a few 
hundred RBU with thc goal of producing a water white 
syrup having only a fcw RBU of color. 

Toe adsorbcnt resin and thc sugar solution may be 
contacted using conventional mcthods which result in 
intimate contact between the resin and the sugar solu
tion. Suitable mcthods includc fluidized beds, stirred 
tanks, batch tan.les, and cocurrent and countercurrent 
flow columns. Toe contacting may occur batchwise, 
scmi-batchwise, continuously or semi-continuously. 
Preferably, the solution is cootacted with thc resin con
tinuously in a packed column. 

Toe residence time required for contact between the 
adsorbent resin and the sugar solution depcnds on the 
following: (1) the properties of the resin, (2) the amount 
of color bodics initially present, (3) the leve! of decolor
ization desired, (4) the amount of resin used, (5) the 
viscosity of the sugar solution, (6) the concentration of 
dissolvcd sugar (often rcferrcd to as dissolved solids), 
(7) the processing temperature, and (8) the pH of the
sugar solution. Therefore, thc residencc time must be 
determincd empirically. Preferably, thc residence time 
ranges from about 0.1 hou.rs (10 bcd volumcs/hr) to 
about 10 hours (0.1 pcd volwnes/hr), more preferably
about 0.12 hours (8 bcd volumes/hr) to about 1 hour (1
bed volumc/hr), and most preferably about 0.17 hours
(6 bed volumcs/hr) to about 0.5 hours (2 bed volu
mcs/hr).

Toe temperature should remain bclow the tempera
ture at which the sugar solution is advcrsely affected. 
Generally, temperatures ranging from about 20• C. to 
about so· C. are operable. Preferably, the tcmperature 
ranges between about 38º C. and about 55• C. 

Toe amount of adsorbent resin required, largely de
pcnds on cquipment configuration, conceotration of 
dissolved solids, the leve! and typc of color bodies pres
cnt, and the leve! of decolorization desired. Treatment 



7 
4,950,332 

. rates are often expressed in terms of pounds of dry 
solids that are treated per cubic foot of the adsorbent 
resin, (lbs. D.S./C.F. resin). Suitable treatment rates 
range fr.om about 25 to about 10,000 lbs. D.S./C.F. 
resin: preferably from about 500 to about 5,000 lbs. s 
D.S./C.F. resin: and most preferably from about 1,000
to about 4,000 lbs. D.S./C.F. resin.

The pH of the sugar solution is preferably maintained 
at a leve! which allows for the optimum adsorption of 
color bodies by the adsorbent resin. The pH of the sugar 10 
solution prior to decolorization depends on previous 
processing steps. It is dcsirable to contact the adsorbent 
resin with the sugar solution at a pH ranging from about 

8 
resin. The total number of hydroxide ions should exceed 
the number of active ion exchange sites which the resin 
possesscs. The hydroxide ion concentration of the effiu-
ent when contacted with the resin desirably ranges from 
about 0.OlN to about 2.ON, preferably from about 
0.05N to about 0.:5N. 

Thc dcgrec of desorption increases as thc volume of 
effiuent contacting the resin increascs. Thcrefore, it is 
usually advantageous to dilute the effiuent with water 
until an optimum balance is rcached betwecn hydroxide 
ion content and volume of effiuent. An effective amount 
of effiuent is that which is required to achievc the de
sired degrec of desorption. Preferably, a sufficient vol
ume of effiuent contacts the resin to desorb at least 1 to about 7, preferably from about 3 to about 6, and 

more preferably from about 4 to about 5. 
The amount of dissolved sugar present in the sugar 

solution will vary with the sugar source. The amount of 
dissolved sugar ranges up to about 70 weight percent 
with about 20 to about 50 weight percent being more 
preferred. 

IS about 60 percent of color bodies, mo�e preferably at 
least about 75 percent, and most preferably at least 
about 85 percent. Percent desorption is based on Refer
ence Basis Units (RBU). 

In a preferred embodiment of this invention, a packed 
20 column of adsorbent resin used for decolorizing the 

aqueous sugar solution is treated prior to contact with 
the regeneration effiuent. The resin is treated by con
tacting the packed column thereof with an effective 

Once color bodies are loaded onto the adsorbent 
resin, it is desirable and preferable to desorb those color 
bodies from the resin using a regeneration process that 
takes advantage of existing equipment and process 
streams available to the sugar refiner. Additionally, it 25 
would be advantageous to avoid the requirement of 
transferring the resin from a decolorization facility to a 
regeneration facility. Therefore, in the preferred pro
cess, the adsorbent resin is used in a packed colurun not 
only to decolorize the sugar solution, but also to regen- 30 
erate the resin for the next decolorization cycle. 

· As described above, the reduced dry weight capacity
of an adsorbent resin allows desorption of color bodies 
from the loaded resin with a dilute base. This is particu
larly advantageous for the sugar refiner because a dilute 35 
base is readily available from a waste stream: namely, 
the regeneration effiuent from an anion exchange resin 
used for demineralizing the aqueous sugar solution. 

An aqueous sugar solution is demineralized by rc
moving cationic and anionic impurities, e.g., Ca++, 40 
Mg+ +. HSO3-, Cl-, and SO4--. Cationic impuri
ties are removed from the solution by contact with a 
strong acid cation exchange resin in the hydrogen form. 
Anionic impurities are subsequently removed by 
contact with a weak base anion exchange resin in the 45 
free base form. Toe cation exchange rcsin is regenerated 
by contact with an aqueous solution of hydrochloric 
acid or sulfuric acid. Toe anion exchange resin is regen
erated by contact with an aqueous solution of sodium 
hydroxide, soda ash or ammonium hydroxide. so 

The composition of the regeneration effiuent from 
the anion exchange resin contains not only sodium hy
droxide, soda ash, ammonium hydroxide, or mixtures of 
these, but also impurities removed from the sugar solu
tion, such as chloride salts or sulfate salts. An effiuent 55 
contains an aqueous solution with a maximum of about 
2 weight percent sodium hydroxide, 1.5 weight percent 
sodium chloride, and 2 weight percent sodium sulfate. 
Another typical effiuent contains about 2 weight per
cent ammonium hydroxide, 2 weight percent ammo- 60 
nium. chloride, and 2 weight percent ammonium sulfate. 
Preferably, the effiuent is an aqueous solution contain
ing sodium hydroxide, sodium chloride and sodium 
sulfate. 

Toe degree of desorption of color bodies from the 65 
loaded adsorbent resin depends o·n the hydrogen or 
hydroxide ion concentration of the regeneration effiu
ent and the amount of effiuent contacting the adsorbent 

amount of water to remove residual sugar, and back
washing thc packed column to cla.ssify and expand the 
column and to remove particulate contaminants. 

In another preferred embodiment, a desorbed adsor-
bent resin functionalized with weakly basic groups, for 
example tertiary amine groups from the amination of 
the chloromethylated copolymer with dimethylamine, 
is treated with acid to convert the adsorbent resin to the 
acid form. As discussed previously, the acid form is the 
preferrcd form desired for decolorizing many aqucous 
sugar solutions. 

The treatment can be carricd out by füst contacting 
the adsorbent resin used in thc process of this invention 
with an effective amount of water to rinse residual hy
droxide ions remaining from prior contact with regen
eration effiuent. The rinscd adsorbent resin may be 
converted to the acid fonn by contact with syrup or an 
acidic solution, such as: (1) an aqueous solution of hy-
drochloric or sulfuric acid, (2) an acidic sugar solution, 
for example a sugar solution effiuent from a cation ex
change resin or (3) rcgencration effiuent from a cation 
exchange resin used for demineralizing an aqueous 
suga_r solution. Toe amount of effiuent contacted with 
the adsorbent resin is desirably that which is necessary 
to maintain the pH of thc aqueous sugar solution below 
about 6 when contactcd with the treated copolymer. 

Although what has been described relates only to the 
use of an adsorbent resin for dccolorizing an aqueous 
sugar solution, the adsorbent resin can be used in combi
nation with other resins, modificrs, stabilizers, and the 
like, to improve the performance of the adsorbent resin 
or to enhance its desirability for other applications. For 
example, the adsorbent resin·can be used in combination 
with conventional cation and anion exchange resins in 
mixed bcd units for polishing aqueous sugar solutions, 
particularly high fructosc com syrup. 

The following examples illustrate, but are not in
tended to limit the scope of this invention. 

EXAMPLE 1 

Six samples of adsorbent resin with varying proper
ties are prepared using the procedures described in East 
German Pat. No. DD 249,274 A l. Each of the six sam
ples is prepared by post-crosslinking a chloromethyl
ated, macroporous copolymer of styrene and divinyl-
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bcnzcne. Each sample is then functionalized by aminat
ing the chloromethylated copolymcr with dimethylam
ine. · Toe propcrties of each of the six samples, desig
nated as Samples 1 -6, are reported in Table l. Two
additional samples of adsorbcnt resin with diffcring
propcrties are prepared by aminating the chloromethyl
ated macrorccticular adsorbent copolymcr substantially
described in Example 4 of U.S. Pat. No. 4,263,407. Toe
propcrtics of each sample, designated as Samples 7-8,
are also reported in Table l.

TABLE I
Dry 

5

10

Sample
C-J•C-2•C-J•1 2 3

10 

TABLE II
Rcfcrcnce Base Units (RBU)Wcight Percent 1 of Dccolorizing Agcnt in HFCS

2.S 1 pcrcent pcrcent S pcrccnt
400 223243 313478 211
.. - 155 140381 71 165 so 

C-1 is Type CPG Granular Carbon sold commcrci&lly by Caigan Cor¡,oracion.
C·l is a macroporous styrene-divinylbcnzcnc copolymcr chloromethylated 3,nd 
aminated with dimcthylamine to prepare a convcntiona.J wcak base anion e.xchangc Wcight Suñace Average Percent 15 resin. 
C.J i, Dowcx @ 66 macroporous anion clchangc rcsin ava.ilablc írom Thc Dow Chemical Company. Capacity Porosity Arca Pore Size Shrink/Swell Sample (mcq/g) (ce/ce) (m2/g) (Á) (ionic form) 

C-2• S.08 0.32 ISO 123 30 
•Noc a.n cumple oí thc prcsent invenrion 
1Weighc perccnt is caJculatcd ba,c,d on the dry wcight of thc dccolorizing agcnt. 

ti 3.53 0.47 400 80 11.S21 2.91 O.SI 626 63 9 31 1.99 0.52 1065 45 7 20 EXAMPLE2
41 1.21 0.56 1374 18 1.2
s 1.18 0.65 o 62 0.30 0.57 1696 25 1 72 2.03 0.33 609 32 6.182 2.53 0.40 624 31 7.2 

. Toe adsorbent resins of Saruples l, 2, and 4-8 are 
subjected to an equilibrium adsorption test. Toe proce
dure of Example 1 is essentially repcated, except that
the adsorbent resins are in the hydrochloric acid form 

______________________ 25 rather than the free base form and the untreated HFCS C-2 is a macroporous s1yrene-divinylbcnzene copolymer chloromc1hylaccd and exhibits an RBU value of 353 instead of 440. 
amin.atcd wich dimcthylaminc to prepare a convcntional weak base anion cJ.changc rc:s,n. Toe adsorbent resins are placed in the hydrochloric•No, an cumple of che prescn, invencion. acid form by slurrying the adsorbent resin in the free1Surface arca and average pare size mcasurcd by a BE:T so'l)tion analyzer sold 30 base form in a solution of 1 N hydrochloric acid. Aftercommerci&lly by Micromericic:s lnscrumcnc Co'l). as Digisorb 2500. 2surface arca and average pare size mcasured by a BET "''l'cion analyzer sold standing for about I hour, the adsorbent resin is back-commercially by Quancach,ome Co'l). ª' Aucosorb 6 washed with deionized water until the effiuent is neutral
In separate runs, varying amounts of the adsorbent
resin, Samples 1-3 in the free base form are placed in a 353-nccked, 250 mJ flask equipped with a stirrer, ther
mometer, and a heating mantle. In each case, the adsor
bent-resin is added to the reactor after soaking in water
and centrifuging to remove residual water. Toe high
fructose corn syrup (HFCS) to be dccolorized is added 40
with an initial RBU value of 440 as measured by the
ICUMSA Color Method Four, Schneider, F., 1979,
Sugar Analysis ICUMSA, Wharf Road, Peterborough,
England. Toe reactor temperature is maintained be- 45· tween 50º to 60º C. for 30 minutes. Toe reactor is then 
cooled in an ice bath to 20· C. Toe dccolorized HFCS
is filtcred to remove all particulates and the RBU color

(pH about 7). Toe adsorbent resins are then centrifuged
to remove excess water. 

Toe results are illustrated in Table 111.
TABLE III

Reference Base Uníts (RB!:[)
Weight Percent 1 of Dccolorizin¡¡ Agent oí HFCS

2.5 s 10 20 Sample pcrcent ·pcrcent pcrcent percent perccnt
C-1• 212 170 119 57 22 c-2• 200 82 59 58 561 100 6S 57 45 33 2 98 53 45 29 114 107 41 19 7

s 100 73 48 24 4
6 185 76 38 30 7
7 ISO 110 88 57 26 
8 173 133 92 61 38is measurcd spectrophotometrically and calculated as

described below: C-1 is Type CPG granular carbon sold commerci&lly by Caigan Cor¡,oracion. SO c.2 is a macroporous styrcnc�ivinylbcnzcnc copolymcr chloromcthyl,ucd .ind 
.iminatcd wirh dimcthylaminc to prepare a convcntional wcak base anion exchangc 

RBU= 

1000 X [ absorbance @ 420 nm 2(absorbance @ 720 nm)
(bXcl 

RBU=Reference Base Unit
nm=nanometer
b=cell length in cm
c=syrup conccntration in gm/ml

] 55 

60

Similar runs are performed using Calgon CPG 12/40
mesh granular activated carbon (C-1), a functionalized
macroporous copolymer which has not been post-cross- 65linked (C-2), and Dowcx ® 66 for comparison pur-
poses. 

Toe results are illustrated in Table 11.

rcsiri.
•Not an c:iamplc o( thc present invention. 
1Wc:igJu perccnl is ca.Jculatcd ba.scd on thc dry wcighr of thc decolorizing agenl. 

Once again, the r_educed RBU values illustrated in Table III indicatc that the claimed process provides a
superior_ method of dccolorizing HFCS. 

EXAMPLE 3
In a one-inch column, a dextrose solution containing

30 percent dissolved solids and exhibiting an RBU color
value of 40 is contacted with the adsorbcnt resin designated as Sample 3 of Example 1. Toe solution is con
tactcd with a 400 mJ bed of thc adsorbent resin in the
HCl form. Toe flow rate is maintained at 4 bcd volumes/bour for a pcriod of time equivalent to 140 bed 
volumes. Toe temperature of the dextrose solution is about so· c. 
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Toe solution exiting the colunin is analyzed far RBU 
value and exhibits values from 2 to 6 with an average of 
4 RBU through 140 bed volumes. Toe results illustrate 
the effectiveness of the present invention as a means of 
removing color bodies from solutions containing sugar. s 

EXAMPLE 4 

In a ·one-inch column, a dextrose solution containing 
50 percent dissolved solids and exhibiting an RBU color 
value of 390 is contaGted with the adsorbent resin desig- 10

nated as Sample 3 of Example l. Toe solution is con
tacted with a 400 mi bed of the adsorbent resin in the 
HCI form. Toe flow rate is maintained at 4 bed volu
mes/hour for a perlad of time equivalent to 100 bed 
volumes. Toe temperature of the dextrose solution is IS
about 50º C. 

After 100 bed volumes, the solution exiting the col
umn is analyzed for RBU value. Toe RBU value is less 
than 100. Titis result illustrates that even at higher RBU 
values the present invention is effective in removing a 20
major percentage of the color bodies. 

EXAMPLE 5 

In an 8 mm I.D. by 100 mm glass column is loaded 5
mi of adsorbent resin in the hydroxide farm having zs
properties similar to the macroporous copolymer desig
nated as Sample 3 of Example l, except that the post
crosslinked chloromethylated copolyme_r is aminated 
with trimethylamine instead of dimethylamine. Toe 
column temperature is maintained at 50º C. A beet sugar 
solution is metered through the column at a rate of 0.2 30

ml/min. Toe adsorbance of effluent is continually moni
tored at a wavelength of 420 nm using a spectrophotom
eter equipped with a flow cell. Toe percent color leak
age is determined by adjusting the maximum transmis
sion (zero percent color lealcage) using deionized water 3s

for the lower limit and adjusting the mínimum transmis
sion (100 percent color leakage) using the neat beet 
sugar solution for the upper limit. Toe percent color 
leakage is defined as the color not adsorbed by the 
adsorbent resin. Toe results are sum.marized in Table IV 40

under Sample 9. 

TABLE IV

Percenl Color Leakage 

2 3 4 s 6 
Samplc l Hr. Hn. Hrs. Hrs. Hn. Hrs. 

C-4" 8.7 1 6.0 19.8 is.o 29.2 
9 2.S 4.8 7.5 12.4 17.7 21.S

C-4 i, OOWEX@ MSA-1 macroporous anion exchangc resin available from The 
Dow Chemical Company. 
•Not an example of lhc invention. 

4S 

so 

Toe data illustrates the effectiveness of the present 
invention in removing color bodies from beet sugar 
soiutions compared to a conventional macroporous 
anion exchange resin. SS 

EXAMPLE 6 

In a 13 mm diameter column, an apple juice contain
ing 15 percent dissolved solids and exhibiting an RBU 
color value of 4500 is contacted with the adsorbent 60 
resin designated as Sample 3 of Exa(!'lple l. Toe juice is 
contacted with a 10 mi bed of thc adsorbent resin in the 
HCl form. Toe flow rate is maintained at 6 bed volu
mes/hour for a period of time equivalent to 30 bed 
volumes. Toe temperature of the apple juice is ambient 6S 
or approximately 20º C. 

Toe apple juice exiting the colurun is analyzed for 
RBU value and exhibits values from 91 to 1035. Within 

12 
the industry, an acceptable RBU color leve! is 1195. 
Toe results illustrate that even at very high RBU values 
the present invention is effective in removing a major 
pcrcentage of the color bodies. 

EXAMPLE 7 

5 MI of the adsorbent resin, essentially the same as 
Sample 3 of Examp!e 1, in the hydrochloric acid form, 
is placed in an 8 mm ID X 100 mm glass column. Toe 
column temperature is maintained at 50º C. Toe resin is 
loaded with color bodies by passing a synthetic dextrose 
syrup through the resin. Toe synthctic dextrose syrup 
contains 50 pcrcent dissolvo¡:i dextrose, 1.170 mg/liter 
of NaCI, 150 mg/liter of nitrogen (as glycinc), 16.7 
mg/liter of 5-hydroxymethyl-2-furfural, 100 ppb of 
acctaldehydc. Color is imparted to the syrup by heating 
the solution to 70º C. and adjusting the pH to 8, then 
cooling thc solution to 40º C. and lowering the pH to 
about 4.0. Toe syrup has a pH of about 4.0 and exhibits 
an RBU value ranging from 300-650. Toe synthetic 
dextrose syrup is pumpcd through thc column of adsor
bent resin at 4 bed volumes per hour until the desired 
!evel of decolorization is obtained. Toe column is then
cooled to ambient tempcrature far the desorption cycle.
Toe resin is washed with water to remove residual
sugar.

An aqueous solution of 2.0 percent NaOH, 1.0 per
cent NaCI, and 0.5 pcrcent Na2SO4 is prepared. This 
caustic solution is represcntative of a regeneration efflu
ent from an anion exchange resin used for demineraliz
ing an aqueous sugar solution. Toree bed volumes ofthe 
above solution are diluted in a ratio of 4 parts water to 
l part solution to give a total volume of 15 bed volumes. 
Toe loaded adsorbent resin is desorbed by initially con
tacting the resin with about 5 bed volilmes ofthe diluted 
caustic solution to substantially convert the adsorbent 
resin to the free base form and then contacting the ad
sorbent resin with about 10 bed volumes of the diluted 
caustic solution at a flow rate of about 1.2 bed volumes 
per hour to desorb the color bodies. 

Toe percentage of color bodies desorbed from the 
adsorbent resin is determined by dividing the total 
amount of color bodies in the caustic regenerant solu
tion by the total amount of color bodies adsorbed from 
the sugar solution. Toe results are illustrated in Table V. 

B<:d 
Volumes 

Regeneran! 

0.3 
1.2 
2.4 
3.6 
6.0 
9.6 

What is claimed is: 

TABLE V 

Percent Color 
Bodies 

Dcsorbcd 

1.0 
41.2 
88.2 
91.2 
93.4 
96.S 

l. A process for decolorizing an aqueous sugar soiu
tion containing color bodies, comprising the step of 
contacting an aqueous sugar solution with an effecúve 
amount of an adsorbent resin so as to adsorb color bod
ies from said aqueous sugar solution onto said adsorbent 
resin, wherein said adsorbent resin is made from a mac
roporous copolymer of a monovinyl aromatic monomer 
and a crossli.nldng monomer, where the macroporous 
copolymer has bcen post-crosslinked in the swollen 
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state in the presence of a Friedel-Crafts catalyst and 
functionalized with hydrophilic groups. 

2. The process of claim 1 wherein the crosslinlcing
monomer is a polyvinylidene monomer. s3. Toe process of claim 2 wherein the polyvinylidene 
monomer id divinylbenzene, trivinylbenzene or ethyl
ene glycol diacrylate. 

4. Toe process of claim 3 wherein the monovinyl
aromatic monomer is styrene vinylbenzyl chloride, 10 
vinylbenzyl alcohol, or vinyhtaphthalene. 

5. Toe proccss of claim 4 wherein the macroporous
copolymer contains up to about 99.75 weight percent 
styrene with the balance divinylbenzene. 

IS6. Toe process of claim 1 wherein the macroporous 
copolymer contains from about l to about 45 weight 
percent of the crosslinking monomer. 

7. Toe process of claim 6 wher.ein the adsorbent resin
contains from about 4 to about 8 weight percent of the 20 
crosslinJcing monomer. 

8. Toe proccss of claim 1 wherein the macroporous
copolymer is chloromethylated. 

9. Toe process of claim 1 wherein the macroporous
copolymer is post-crosslinked with a polyfunctional 25

alkylating or acylating compound. 
10. Toe process of claim 1 wherein the post-cross

linkcd macroporous copolymer is functionalized with 
dimethylamine, trimethylamine or dimethylethanola- 30

. mine. 
11. Toe process of <;:laim 1 wherein the post-cross

linked copolymer is functionalized by solvolysis. 
U. Toe process of claim 1 wherein the post-cross-

linked copolymer is functionalized by sulfonation. 35 
13. Toe process of claim 1 wherein the adsorbent

resin_has a surface area of about 150 to about 2100 m2/g. 
14. Toe process of claim 13 whcrein the adsorbent

resin has a surface arca of about 700 to about 1400 m2 / g. 40 
15. Toe process of claim 1 wherein the adsorbent

resin has a porosity of about 0.10 to about 0.70 ec,/cc. 
16. Toe process of claim 15 wherein the adsorbent

resin has a porosity of about 0.43 to about 0.58 ce/ce. 
17. Toe process of claim 1 wherein the adsorbent 45

resin exhibits a percent shrink/swell below about 7 
percent. 

18. Toe process of claim 17 wherein the adsorbent
resin exhibits a percent shrink/swell below about 4 50
percent. 

19. Toe process of claim 1 wherein the dry weight
capacity of the adsorbent rcsin ranges from about 
greater than zero to about 4.0 meq/g. 

55 

60 

65 
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20. Toe proccss of claim 19 wherein the dry weight

capacity of the adsorbent resin ranges from about 
greater than zero to about 2.0 meq/g. 

21. Toe process of claim 1 wherein the aqueous sugar
solution is a solution of com syrup, a fruit juice, sucrose, 
or dextrosc. 

22. Toe process of claim 1 wherein the aqueous sugar
solution is contacted with the adsorbent resin continu
ously in a packed column. 

23. Toe process of claim 1 wherein the amount of the
adsorbent rcsin employed is from about 1,000 to about 
4,000 lbs.D.S./C.F. rcsin. 

24. Toe process of claim 1 further comprising the step
of desorbing color bodies from the adsorbent resin by 
contacting the resin with a regeneration effluent from 
an anion exchange resin used for demineralizing the 
aqueous sugar solution. 

25. The process of claim 24 wherein the regeneration
effiuent is an aqueous solution comprising sodium hy
droxide, sodium chloride and sodium sulfate. 

26. Tbe process of claim 24 wherein the hydroxide
ion concentration of the regeneration effiuent ranges 
from about 0.05N to about 0.5N. 

1.7. Toe process of claim 24 wherein a sufficient vol
ume of regeneration effiuent contacts the adsorbent 
resin to dcsorb at least about 85 percent of the color 
bodics from the copolymer. 

28. Tbe process of claim 24 wherein a packed column
oí the adsorbent resin used for decolorizing the aqueous 
sugar solution is treated prior to contact with the regen
eration effiuent by contacting the packed column with 
an effective amount of water to remove residual sugar 
and then backwashing the packed column to classify 
and expand the column and to remove particulate con
taminants. 

29. Toe process of claim 24 further comprising the
step of contacting the dcsorbed adsorbent resin with an 
effcctive amount of water to remove residual hydroxide 
ions remaining from contact with the regeneration ef
fluent. 

30. Toe process of claim 29 wherein the post-cross
linked macroporous copolymer is functionalized with 
dimethylamine, trimethylamine or dimethylethanola
mine. 

31. Toe process of claim 30 further comprising the
step of converting the adsorbent resin to the acid form 
by contacting flre adsorbent resin with an acidic solu
tion. 

32. Toe process of claim 1 wherein the adsorbent
resin is used in combination in a mixed bed unit with a 
cation exchange and an anion exchange rcsin. 

33. Toe process of claim 21 wherein the corn syrup
solution is high fructose corn syrup. 

• • • • *
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PROCESS FOR DECOLORIZING AQUEOUS 
SUGAR SOLUTION 

2 
polyamines are ethylene diamine and propylene di
amine. 

The preferred copolymer is a crosslin.ked aromatic 
copolymer of a polyunsaturated monomer and a mono-

BACKGROUND OF THE INVENTION 

· Toe present invention relates to a process for decol
orizing aqueous sugar solutions.

Dec�lorization is a key process in sugar refining. 
Traditionally, aqueous sugar solutions are decolorized 
with carbon adsorbents such as bone char or granular 
and powdered carbon. Unfortunately, carbon adsor
bents typically require thermal regeneration to remove 
adsorbed components from the carbon. Therefore, the 
cost of regenerating carbon adsorbents increases as fuel 15costs increase. Further, the thennal regeneration of 
carbon adsorbents is difficuJt, time-consuming, and may 
also destroy an apprcciablc portion of the carbon. 

5 ethylenically unsaturated monomer. Advantageously, 
at least 50 weight percent of the comonomer composi
tion comprises an aromatic monomer. Preferred poly
unsaturated monomers include divinylbenzene (com
mercially available divinylbenzene containing less than 

10 about 45 weight percent ethylvinylbenzene), trivinyl-

Ion cxchange resins have been used to demineralize 
and decolorize sugar solutions in an attempt to eliminate 20the d.iffi.culties encountered using carbon as a decolor
izer. For exa.mple, U.S. Pat. No. 4,193,817 discloses 
decolorizing a bqttler's sugar solution with a strong 
base anion exchange resin. Unfortunately, the capacity 
of these resins for adsorbing color bociíes is low relative 25
to the adsorptive capacity of carbon. Therefore, a more 
efficient process for decolorizing aqueous sugar solu
tions using an ion exchange resin is needed. 

SUMMARY OF THE INVENTION 

Toe invention is an improvement in the prqcess of 
30 

dccolorizing an aqueous sugar solution by contacting 
the solution with an anion exchange resin. Toe im
provement comprises using an adsorbent anion ex
change resin prepared by aminating a macroporous, 35 
chloromcthylated copolymer with a polyamine under 
conditions sufficient to promote crosslinking of unre
acted amine sites with chloromethyl groups on the co
polymer. 

benzene, and ethylene glycol diacrylate. Preferred 
monoethylenically unsaturated monomers include sty
rene, a-methylstyrene, vinylpyridine, vinyl toluene, 
vinyl naphthalene, vinylbenzyl chloride and methyl 
methacrylate. 

Toe preferred aromatic copolymer is a copolymer of 
up to about 99. 75 weight percent styrene with the bal
ance divinylbenzene. Another preferred copolymer is a 
copolymer of about 40 to about 60 weight percent sty
rene, about 40 to about 60 weight percent vinylbenzyl 
chloride and about 1 to about 20 weight percent divi-
nylbenzene. Toe copolymers may contain minor 
amounts of other monomers, such as about 1 to about 4 
weight percent acrylonitrile. 

Toe polyunsaturated monomer acts as a crosslinker 
to increase the physical stability of the copolymer. Fer 
the preparation of a macroporous copolymer about 0.25 
to about 20 weight percent, preferably about 1 to about 
15 weight percent, and more preferably about 4 to about 
10 weight percent polyunsaturated monomer is desir
able to achieve effective crosslinking. 

Exemplary processes far preparing macroporous, 
chloromethylated copolymers are well known in the art 
and are sufficiently described in U.S. Pat. Nos. 
4,382,124; 4,221,871 and 3,637,535. 

In a preferred embodiment, the macroporous, chloro
methylated copolymer is expanded in a swelling solvent 
before amination. Conventional swelling solvents in
elude methylal, dimethoxyethane and dioxane, although 
any inert solvent capable of swelling the copolymer 
beads would be adequate. Toe amount of swelling so1-
vent required is an amount sufficient to swell and slurry 
the copolymer, and can be readily determined empiri
cally. 

Toe improved process of this invention provides an 40 
efficient means far decolorizing an aqueous sugar solu
tion. Toe crosslinking of unreacted amine sites with 
chloromethyl groups on the copolymer creates an 
amine-bridged resin that has increased porosicy. Toe 
increase in porosity enhances the capacity of the resin to 45 
adsorb color bodies. Therefare, the polyamine-func
tionalized resin can decolorize an aqueous sugar i¡olu
tion more efficiently than a conventional anion ex
change rcsin. 

Toe swollen, chloromethylated copolymer is advan
tageously aminated in the presence of a polar solvent. 

. Toe polar solvent solubilizes amine hydrochloride salts 
that farm during amination, therefare preventing ag
glomeration of copolymer particles. Toe polar solvent 

BRIEF DESCRIPTION OF TIIB DRA WINGS 

FIGS. 1-3 are plots of the capacity of polyamine
functionalized resins and a conventional anion exchange 
resi:n to decolorize aqueous sugar solutions over time. 

50 also prometes crosslinking of unreacted amine sites 
with chloromethyl groups on the copolymer. Although 
any polar solvent is adequate, the preferred polar sol
vents are water, methanol and ethanol. Toe amount of 
polar solvent required can be determined empirically. 

DET AILED DESCRJPTION OF TIIE 
INVENTION 

55 For water, about 5 to 10 weight percent based on the · 
weight of total solverit is preferred. For methanol, 
about 10 to 20 weight percent is preferred. 

Toe polyamine used far amination can be any poly
amine that has at least two amine groups, preferably 
terminal amine groups, each one of which is capable of 60 
reacting with a chloromethyl group on the copolymer. 
Examples of polyamines useful in the process of this 
invention include, but are not limited to, lower molecu-
lar weight aliphatic polyamines such as ethylene di
amine, propylene diamine (1,3-diaminopropane), butyl- 65 
ene diamine (1,4-diaminobutane), diethylene triamine, 
and dipropylene triamine; and aromatic diamines such 
as phenylenediamine and benzidine. The preferred 

Toe polar solvent can be mi.xed with the slurry of 
copolymer particles before amination, or a mixture of 
the polar solvent and the polyamine can be prepared. 
Preferably, the polar solvent is added to the slurry of 
copolymer particles befare amination. 

Tlie amount of polyamine generally required far 
amination can range from about 0.5 to 2 moles of amine 
per mole of chloromethyl group, preferably from about 
0.5 to 1 mole of amine per mole of chloromethyl group. 
Toe polyamine is advantageously added to the slurry of 
copolymer particles continuously at a rate sufficient to 
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control the temperature of the exothermic amination 
reaction. Preferably, the temperature is maintained 
below the boiling point of the solvent system used. 
When the polyamine is added in this manner, a majar 
portian of the amination reaction occurs in the presence 5 
of excess chloromethyl groups. This excess of chloro
methyl groups promote:i crosslin.king of the unreacted 
amine sites. 

4 
tinuously. Preferably, the solution is contacted with the 
agent continuously in a packed column. 

After all of the- polyamine is added, the amination is 
completed by raising the temperature to reflux and 10 
maintaining reflux for about 1 to 2 hours. 

The residence time required for contact between the 
resin and the sugar solution depends on the properties of 
the agent, amount of color bodies present initially, level 
of decolorization desired, amount of agent used, viscos
ity, concentration of dissolved sugar, temperature, and 
pH. Preferably, the residence time ranges from about 
0.1 hours (10 bed volumes/hr) to about 10 hours (0.1 
bed volumes/hr), more preferably about 0.12 hours (8 
bed volumes/hr) to about 1 ho4!" (1 bed volume/hr), 

Examples of aqueous suga r solutions that are advan
tageously treated according to the present invention 
include carbohydrate solutions derived from corn 
starch, such as com syrup, higb fructose com syrup, 15 
dextrosc, sorbitol, bcet and cane sugar, palm sugar, 
maple sugar; fruit juices, either natural or processed, 
such as pcar, apple, grape and pineapple mili juices; 
sugar solutions derived from sorghum; and high fruc
tosc syrups derived from tapioca, inulin and potatoes. 20 
Preferably, the sugar solution is a solution of corn 
syrup, higb fructosc corn syrup or dextrose. 

Toe term "decolorizing" refers to removing color 
bodies from solution to the extent necessary or desired. 
The decolorization of sugar solutions and more particu- 25 
larly higb fructosc coro syrup is not an ion exchange 
phenomena but is mainly a Van der Waal-type interac
tion of the color bodies with the ion exchange resin. 
The term "color bodies" refers not only to materials 
affecting the color of the sugar solution, but also to 30 
precursors of such materials. Although identifying 
color bodies is difficult, it is believed that the. color 
bodies consi.st of three ha.sic groups. These groups are: 
(!) caramels, (2) melanoidins and (3) polyphenolics and 
flavanoids. Toe caramels are thermal degradation prod- 35 
ucts of sugars; melanoidins are, in general, Maillaird 
rcaction products of amine compounds and sugar 
groups; and the polyphenolics and tlavanoids are oxida
tion products of phenolic compounds derived from a 
raw sugar solution. 40 

In addition to the three classes of color bodies, there 
are severa! noncolored compounds that can develop 
color, or react to form color bodies during processing 
or storage of sugar solutions. Such materials are known 
as color precursors. These, precursórs include amino 45 
acids; many hydroxy acids and aldehydes; iron, which 
complexes with phenolics to make color bodies; 5-

hydroxymcthylfurfural (HMF); 3-deoxy-d-glucosone 
(3-D-G) and reducing sugars. Thesc materials often 
have low molecular weigbt and are difficult to remove 50 

from a sugar solution. 
Toe degrec of decolorization neccssa.ry or desired 

will vary from industry to industry or solution to solu
tion. For example, in the beet and cane sugar industry, 
solutions typically have color levels up to thousands of SS

Reference Base Units (RBU) with the goal of removing 
sufficient color bodies so that the solutions have color 
levels no more than hundreds of RBU. In the high fruc
tosc coro syrup industry, color levels rarely go beyond 
a few hundred RBU with the goal of producing a water 60 
white syrup having only a few RBU of color. 

Toe adsorbent anion exchange resin and the sugar 
solution may be contacted using conventional methods 
which result in intimate contact between the agent and 
the sugar solution. Suitable methods include fluidized 65 
beds, stirred tanks, batch tanks, and cocurrent and coun
tercurrent flow columns. Toe contacting may occur 
batchwisc, scmi-batchwisc, semi-continuou.sly ar con-

and most preferably about 0.17 hours (6 bed volu
mes/hr) to about 0.5 hours (2 bed volumes/hr). 

Toe temperature should remain below the tempcra
ture at which the sugar solution is adverscly affected. 
Generally, temperatures ranging from about 20· C. to 
about so· C. are operable. Preferably, the tcmperature 
ranges betwecn about 3g• C. and about 55• C. 

Toe amount of anion exchange resin required largely 
depends on equipment configuration, concentration of 
dissolved solids, the level and type of color bodics pres
ent, and the leve! of decolorization desired. Suitable 
amounts of rcsin range from about 1 to about 0.005 
kilograms of resin per kilogram of aqueous sugar solu
tion (kg/kg), preferably about 0.3 to about 0.007 lcg/kg, 
more preferably about 0.017 to about 0.008 lcg/kg. 

The pH of the sugar solution is preferably maintained 
at a lcvel which allows for the optimum adsorption of 
color bodies by the anion exchange resins. Toe pH of 
the sugar solution prior to decolorization depcnds on 
previous procesaing steps. It is desirable to canta.et the 
anion exchange resin and the sugar solution at a pH 
ranging from about l to about 7, prefcrably about 3 to 
about 6, and more prefcrably about 4 to about 5.

Toe amount of dissolved sugar present in the sugar 
solution will vary with the sugar source. Toe amount of 
dissolved sugar ranges up to about 70 weight percent 
with about 2 0  to about 50 weight percent being more 
preferred. 

After the rcsin has been Ioadcd with color bodies, the 
resin can be regenerated u.sing lcnown techniques. Far 
example, the resin can be regencrated by first contact
ing the resin with an aqueous solution of sodium chlo
ride and either an alka1i metal or alkaline earth metal 
hydroxide (rcquired to· convert resin to hydroxide ion 
form) and then contacting the resin with an aqueous 
solution of either sodiwn chloride or hydrochloric acid 
(required to convert resin to desiréd hydrochloric acid 
form for subscquent decolorization of sugar solution). 

Toe following example illustrates but does not limit 
the scope of this invention. 

EXAMPLE 

For each of three runs, a 100 m1 sample of macropo
mus, chloromethylated styrene-divinylbenzene (6 
weight percent divinylbenzene) copolymer beads is 
washed with 100 m1 of methanol in a Buchner funnel 
and air dried overnight. For the first run, 16 g (85 
mcq/CH2Cl) of the dried beads are swelled in 75 m1 of 
methylal for 1 hour at 44• C. in a 250 ml, 3-necked flask 
fitted with a stirrer, condenser and dropping funnel. For 
the second run, 16 g of the dried copolymer beads are 
sweUed in 70 m1 of ethylenedichloride (EDC) at so· C. 

For each of the first two runs, a mixture of 34 m1 (0.5 
moles) ethylenediamine (EDA) and 35 m1 of methanol 
are added dropwisc to the slurried beads over 1 hour as 
the slurry is agitated. After finishing the addition of the 
EDA, the reaction mixture is stirred for three hours. 
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For the first run, the reaction temperature is controlled unreacted amine sites with chloromethy1 groups 00 the 
between 44º to 45º C. Far tbe second run, the reaction copolymer. 
tcmperature is controlled between 55º to 60º C. 2. The process of claim 1 wherein tbe polyamine is 

The reaction mixture is filtered and the aminated aliphatic. 
resin is washed witb excess methanol and then with 5 3 Th 
e_xcess water. The washed resin is stirred in 200 mi of .' . e pr<?ces_s of claim 2 wherein the aliphatic poly-

amme IS a d1armne. 
l.0N NaOH for 1 hour and bachwashed to neutral pH. 4. The process of claim 3 wherein the aliphatic di-
Toe free base forro of the resin far tbe first two runs has 
the properties illustrated in Table l. 

. amine is ethylene diamine or 1,3-diaminopropane. 
5. The process of claim 1 wherein the macroporous,

_________ T_AB __ L...;E;;..;:I _________ IO chloromethylated copolymer is aminated in the pres-
Propcrtic:3 of Polyamine-Functionalizcd ence of a polar solvent. . 

Anion Exchangc RC3ws 6. Toe process of claim S wherein the polar solvent is 
Swellicg Solvent water or methanol. 

Mcthytal EDC 7. The process of claim 1 wherein macroporous, chlo-
Weak Bue Capacity, meq/ml 1.62 1.47 15 romethylated copolymer is aminated continuously at a 
Strong Bue Capacity, meq/ml 0.1 0.03 rate sufficient to control the temperature of the exother-
Waier Retcntion Capacity, 49 52 míe amination reaction. 
perccnt 
Dry Weight Capacity, meq/g 5.3 4.69 8. The process of claim 1 wherein the macroporous,
Porosity, cc/g 0.56 o.68 20 

chloromethylated copolymer is a crosslinked aromatic
___ _.;.._-=-____________ ....:.;:.:;__ 

copolymer. 

For the third run, the copolymer beads are swollen in 9. Toe process of claim 8 wherein the crosslinked

EDC and aminated with diethylenetriamine (DET A). aromatic copolymer is a copolymer of a polyunsatu-

under conditions substantially similar to the conditions rated monomer ami,_ a· monoethylenically unsaturated 

described for tbe first two runs. 25 monomer.

The decolorizing capacity of each of the polyamine- lO. The process of claim 9 wherein the polyunsatu-

functionalized resins is measured by pumping high fruc- rated monomer and the monoethylenically unsaturated 

tose coro syrup (50 weight percent dissolved solids) or monomer comprise at least 50 weight percent of an 
acidified sugar beet syrup (35 weight percent dissolved aromatic monomer. 
solids at pH=4.5) through 5 ce ofthe resin in a 1 cmx5 30 11. The process of claim 10 wherein the polyunsatu-
cm gla.ss column at 2.4 bcd volumes/hr at 50º 

c. Toe rated monomer is divinylbenzene, trivinylbenzene or 
concentration of color bodies in thc syrup exiting the ethylene glycol diacrylate. 
column is continuously monitored by a UV spectropho- 12. Toe process of claim 10 wherein the monoethyle-
tometer at 420 nm. This concentration is divided by the nically unsaturated monomer is styrene, a-methylsty-
concentration of color bodies in the syrup entering the 35 rene, vinylpyridine, vinyltoluene, vinylbenzyl chloride,
column to determine tbe percent color leakage. vinylnaphthalene or methyl methacry1ate. 

FIGS. 1-3 plot a comparison of the percent color 13. The process of claim 10 wherein the copolymer is
lcakage for each resin and far a conventionaJ weak base a copolymer of up to about 99.75 weigbt percent sty-
anion exchange resin. Toe conventionaJ resin is pre- rene with the balance divinylbenzene. 
pared by aminating an macroporous, chloromethylated 40 14. The process of claim l wherein the aqueous sugar
copolymer of styrene and divinylbenzene with dimeth- solution is a solution of coro syrup, a fruit juice or dex-
ylamine, sold commercially by Toe Dow ChemicaJ trose. 
Company under the trademark DOWEX 66. Cycle 1 is 15. The process of claim 1 wherein the aqueous sugar
the percent color leakage far the fresh resin in the HCI solution is contacted witb the anion exchange resin 
forro. Cyclc 2 is the percent color leakage far the resin 45 continuously in a packed column. 
after loading the resin to 50 percent color leakage and 16. The process of claim l wherein the residence time 
then regenerating with l .ON NaOH and 1.0N HCl. far é:ontac� between the anion exchange and the sugar 

FIGS. 1-3 illustrate a significant reduction in color solution is about 0.17 hours to al:,out 0.5 hours. 
leakage for each of the polyamine-functionalized resins 17. The process of claim 1 wherein the amount of
rclative to the color leakage of a conventional anion 50 anion exchange resin is from about 0.017 to about 0.008
exchange resin. kg/kg aqueous sugar solution. 

What is claimed is: 18. The process of claim 1 whcrein the pH of the 
l. An improved process far decolorizing an aqueous sugar solution is about 4 to about 5. 

sugar solution by contacting the solution with an anion 19. The process of claim 1 whcrein the amount of
exchange resin, thc improvement comprising using an 55 dissolved sugar in the sugar solution is about 20 to about 
adsorbent anion exchange rcsin prepared by aminating a 50 weight percent. 
macroporous, .chloromethylatcd copolymer with a 20. The process of claim 1 wherein the aqueous sugar
polyamine with amine groups selected from primary solution comprises a solution of high fructose coro 
and secondary amine groups and a combination thereof syrup. 
under conditions sufficient to promote crosslinking of 60 

65 

• • • • •


	002
	004
	006
	008
	010
	012
	014
	016
	018
	020
	022
	024
	026
	028
	030
	032
	034
	036
	038
	040
	042
	044
	046
	048
	050
	052
	054
	056
	058
	060
	062
	064
	066
	068
	070
	072
	074
	076
	078
	080
	082
	084
	086
	088
	090
	092
	094
	096
	098
	100
	102
	104
	106
	108
	110
	112
	114
	116
	118
	120



